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SOLMNEQ: Solution-Mineral Equilibrium Computations

o
Yousif K. Kharaka

University of California, Berkeley 

and

Ivan Barnes 
U.S. Geological Survey

ABSTRACT

SOLMNEQ is a computer program written in PL/I for the 

IBM 360 computers. SOLMNEQ computes the equilibrium distri­ 

bution of 162 inorganic aqueous species generally present in 

natural waters over the temperature range of 0° to 350°C from 

the reported chemical analyses, temperature, pH, and Eh 

(optional). Interpolated dissociation constants of the 

aqueous complexes and the computed activity coefficients are 

also used in these computations. States of reactions of the 

aqueous solutions with respect to 158 solid phases (minerals) 

are computed from the distribution of aqueous species and an 

internally consistent set of thermodynamic data. Ionic pro­ 

portions and subsurface temperature estimates are computed.

This research was sponsored by the U.S. Geological Survey, Department 

of the Interior, under U.S.G.S. Grant No. 14-08-0001G-45. F.A.F. 

Berry, principal investigator.

2Headquarters at U.S. Geological Survey, Menlo Park, California.



INTRODUCTION

Analyses of states of chemical reaction have been made using 

equilibrium models (Helgeson and others, 1970; Truesdell, 1973) and 

models that include departures from equilibrium (Paces, 1968, 1971; 

Barnes and Clarke, 1969; A. H. Truesdell and B. F. Jones, unpub. data', 

The present program, incorporating elements from the earlier cited 

work, has been expanded to include all inorganic species of major and 

minor elements generally present in natural waters for whiich 

thermodynamic data are available.

SOLMNEQ computes the equilibrium distribution of 162 chemical 

species in aqueous solution over the temperature range of 0° to 350°C 

from the properties of the solution and an internally consistent set 

of thermodynamic data. States of reaction of the aqueous solutions 

with respect to 158 solid phases (minerals) are also computed.

Uncertainties involved in computations carried out in SOLMNEQ 

and similar computer programs should be recognized at the outset. 

Major uncertainties may be imposed by the amount and quality of the 

thermodynamic and other data available in published literature for 

the computations of equilibrium constants (K). The uncertainties in 

the thermodynamic functions depend on the rate and reversibility of 

the reactions involved. The more rapidly, completely, and reversibly 

a phase reacts, the less error is to be expected in its thermodynamic 

functions.

1972)



Usefulness of the data analysis is limited also by the complete­ 

ness and reliability of the reported chemical analysis of the water. 

Many chemical analyses are limited to the major cations and anions. 

Uncertainties are imposed by the method of sample collection and 

treatment and method of analysis (Chave, 1960; Rainwater and Thatcher, 

1960; White, 1965; Barnes and others, 1969). An important limitation 

of many chemical analyses is the extrapolation of the determined pH to 

the in situ pH of the sample, especially in the case of subsurface

! water samples. The pH of the sample may change from variations in
j
| partial pressures of the gases present (C02 , I^S, and others), from

precipitation of solid phases (for example, CaCOg, SrCO^), and from

! reactions of aqueous species produced by changes in the temperature
i
'< and pressure of the sample. An additional limitation of the data

analysis applies to studies of aluminosilicate minerals and minerals 

containing trace elements. Results of analyses for aluminum in 

! solution in the literature are suspect because of the lack of a 

sufficiently sensitive analytical method. Trace element analyses are 

particularly subject to errors from insensitive procedures, sample 

contamination, and losses during storage and manipulation.

Assumptions used in the calculation of the activity coefficients 

of the aqueous species and in limiting minerals to end member 

compositions introduce errors, but generally these errors are minor 

compared to those mentioned above.



METHOD OF COMPUTATION

SOLMNEQ treats mostly mass action reactions; however, there is an 

option to calculate the molalities (m) of Fe , Cu , Hg , and Mn 

using electron transfer reactions involving the measured Eft of the 

aqueous sample. The formal reactions used for the minerals (table 1)

arc for the complete reactions; no incongruent reactions are used. 

For albite, for example, the reaction is:

NaAlSi^Oo + 4H+ + 4H00 = Na* + Al+3 + SH^SiO.. . (1) o o 2. 4 f

Activities

The activities (a) of solid phases are taken as unity at all 

temperatures. The activity of E^O is computed from the equation 

(Garrels and Christ, 1965, p. 65)

afl Q = 1 - 0.017 I mi (2)

ths summation covering the molalities (m.) of all the species in 

solution.

The activities of the aqueous species are computed from:

a. = miYi (3)

where y- is .the activity coefficient of species i. The standard state

adopted for the aqueous species is a hypothetical 1 molal solution at

-i__§tmosphere_and at any temperature._________________________



Table 1. — List of the aqueous cor.pl"xes and minerals used in SOLMNEQ. The

COMPUTER

1.

2.

3.

*•

5.

6.

7.

a.

9.

10.

11.

1?.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

3*.

33.

3-.

•55.

NO. AND NAME

KC03-1

KH20

H4SI04

CU+2

FE+3

HG+2

MN+3

AS(OH)4-

Blank

H2S AQ

ALF+2

ALF2+1

ALF3

ALF4-

AL(OH)+2

A!(OH)2+

AL(OH)4-

AL(SOU)+

ALS04)2-

AGCL

AGCL2-

AGCL3-2

AGCL4-3

AG(S04)-

AGS042-3

BAC03AQ

BAHC03H

BA<OHHJ

BA30/4 AQ

CAC03 AQ

CAI1C03) +

CA(OH) + 1

CAP04-

CA-iU'4

cAii:r;<,t

source of data for the lop (KT) values of tV riven reactions is indicated.

REACTION . SOURCE OF DATA

A - AQUEOUS COMPLEXES

KCOj ^ COj" + H+ (3)

H 20 ^ OH~ + H+ Fisher and Barnes (1972)

Hi^SiOi! * — H 3 Si04 f H* Cobble (196U)

Cu -(• I'o i^ Cu+ •»• Fe+3 K (1)

Fe +3 + i K 2 0 i | KS" ^ Fe ++ + 1 SO^" + J. H + K (1)

2 Hg ++ + 2 Fe ++ ^ HgJ* f 2 Fe+3 . K (1)

Mn +• Fe v— Mn + Fe K (1)

As(OH)~ ^ As(OH) 3 + OK" D (1)

H 2 S ^ HS" + H* (1)

A1F +2 ^± Al"1" 3 + F" D (3)

A1F 2 + ^ Al+3 + 2F" D (3)

A1F 3 ^ Al+3 + 3F~ D (3)

AlF!] ^ Al* 3 + 4F~ D (3)

A10H) + * ?± Al"" 3 -f OH" ' (1)

A1(OH) 2 + ^ Al+3 + 20H~ (25) Hem and Roberson (1967)

AKCtOij ^ Al+3 + 40H~ Helgeson (1971c)

AKSO^)"*" ^ A I* 3 + SO" D (3)

AKSOi,)^ ^ Al+3 + 250^" D (3)

AgCl ^ Ag+ + Cl" (1)

AgC^2 t — Ag + 2C1 (it-

AgCl3 ^ — Ag + 3C1 (1)

ApC]7t 3 ^— Ag+ + 4C1~ (1)

A^(SO f . )~ ^— Ag+ T SOlj" D ^)

A~(SOi,)2 3 ^— Ag+ +• 2SO^~ (0)
_ . •»

BaC0 3 ^ Ba ++ + C0^~ Kharaka and Merino (unpub. data, 1971)"

baOr;.,)'f ^ Ba++ -f HCOa Kharaka and Merino (unpub. data, 197; )*

}<, i ('")(-, )'*' ^ ba++ + OH~ D (3)

Uaco^ ^— Ba ++ i L.0~n~ Kharaka and Merino (unpub. data, 1971 >~

— *• ++ -- • / 1 \ CaCOs •« — Ca + C03 (1)

CaliCot, ^ Ca'1 '* + HC03 D (Lafon, 1969)

CaC.H)"1 ^ Ca ++ + Cli" PATHl , Help;eB6n and others (1970)

Carc\ T— Ca"*"1 + POii 3 Chughtai and others (1963)

•\- i -'. 4 ^ ,;<i ++ +• HI '>" Chuphtai and others (196S)

C.-ii'-: . ; , + ^ C^/+ •»• !!-]'Ol| Chuf'jitai. ™A others (1968)



of data for the log (KT) values of the given reactions is indicated — Continued

COMPUTER

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52,

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

NO. AND NAME

CAS'14 AQ

CUCL

CUCI.2-

Cl'CL3-2

CUCLtl

CUCL2

CUCL3-1

CUCL4-2

CU(OH)+1-

CU^AQ

FEOL+1

FECL2

F5CL3-1

IECL4-2

FE(OH)+1

F^(OH)2

FEOOH-1

FLS04

FLCL-t-2

FJCL2+1

r:cL3

F-;CL4-1

FES04-H

FES04)2-

FE(OH)+2

FE(OH)2+

FE(OH)3

FIXOH)*-

K4(B04)-

Pxank

h3SI04)-

HAS(OH)4

HASOH8-2

H2ASOH8-

IJ3AS(OH8

REACTION

CaSOij T — Ca + S<\~

CuCl ^ Cu+ t Cl"

CuCl 2 *— Cu* + 2Cl"

CuCl 3" ^ Cu+ + 3d"

CuCl+ ^ Cu4"*" + Cl"

CuCl 2 x— Cu + 2C1~

CuCl 3 ^ — Cu + 3d

CuCliJ" ^ Cu"*"*" + 4C1"

Cu(OH) + ^ Cu"1"*" + OH"

— ~* ++ —~

FeCl+ ^ • Fe++ + Cl"

FeCl2 ^ Fe ++ + 2C1~

FeCl 3 *— Fe+t "+ 3d"

Fed" ^ Fe++ + 4Cl"

• Fe(OH) + ^ Fe"1 * + OH~

Fe(OH) 2 ^ Fe++ + 20H~

FeOOH" + 3H* ^ Fe"*^ + 2H ?0

FeSOij •» — Fe + SOlJ"

FeCl** ^ Fe+3 + Cl"

FeCl2 ^ Fe* 3 t 2Cl"

FeCl 3 ^ Fe+3 +' 3Cl"

FeCi; ^ Fe+3 + 4Cl"

FeSoJ ^ Fe +3 + SO^"

Fe(S0lt )2 ^ Fe+3 + 2SO,"

Fe(OH)''"'' ^ Fe+3 + OH~

Fe(OH) 2 ^ Fe* 3 + 20H~

Fe(OH) 3 ^ Fe* 3 + 30H"

Fe(OH)^ ^ Fe* 3 + 40M" *

H^(BOt,)" ^ H 3 B0 3 + OH"

H 3 SiOlj ^ K 2 SiOi|~ + H

HAs(OH) 4 ^ As(OH)tj + K*

HAs(O.I)a" ^ As(OH)g 3 H H*

K 2 As(Gh)g ^- As(OH)g 3 * 2h*'

H 3 As(C;H) 3 r~ As(OH)e 3 + 3H +

SOURCE OF DATA

(1)

(0)

! (D
(D
(D
(D
(D

: (1)
(25) SitLlen and Martell (1964)

D (3)

(0)

(0)

(0)

(0)

D (1)

(25) Langmuir (1969)

(25) (4)

D (3)

(1)

(1)

(1)

(1)

D (3)

(25) (4)

(1)

(25) (4)

(25) Langmuir (1969)

(25) Langmuir (1969)

Mesmeriand others (1972)

(3)

D (1)

D (1)

D (1)

D (1)



COMPUTER

71.

72.

73.

7U.

75.

76.

77.

78.

79.

80.

81.

82.

83.

8U.

85.

36.

87.

88.

89.

90.

91.

92.

93.

9U.

95.

96.

37.

98.

09.

100.

101.

102.

103.

10';.

JO&.

NO. AND NAME

HF

H2C03

HP04-2

H2rou-i

HS- 1

HS04-1

HNO^

HGCL-l-1

HGCL2

HGCL3-1

HGCLU-2

HGS04

HGSH2S)2

HG(H3)3-

HGSnS2-2

KCL

HGS'i-2

KIISOU

KS04-1

KHP04-1

LI(OH)

LKSOt)-

MGC03AQ

M3KC03)*

M3F 1

MG(OH)-H

M:;SU»*AQ

KG(POt)-

MGHP04

MGH2P04+

MNCL+1

MNCL2

HHCL3-1

MN'C."*-2

MflliCOS+l

of data for the log (KT) values of the given reactions is indicated — Continued

REACTION

HF ^ H* f F"

H 2C0 3 ^ HCOa + H*

HPO;;" ^ PO^ 3 + H*

H 2 PO^ ^ HFO" + H* •

HS" ^ H* + S~~

HSOl^ ^ H* t S0^~

HH03 ^ N03" + H+

HgCl* ^ Hg++ + Cl"

HgCl2 ^ Hg"1"1" + 2C1"

HgCLa ^ Hg"1"1" + 3Cl"

HgCi;" ^ Hg++ + ifCl"

HgSO,, ^ Hg"1"1" + SO"

HgS(H_S) 2 + H+ —* Hg"1^" + 2H2S + HS~

Hg(HS) ^j Hg^4" + 3HS"

HgS(HS)2~ + H+ ^ Hg44" + 3HS"

KC1 ^ K 1" + Cl"

HgS" + 2H+ ^ Hg1"" + 2HS"

KHSO^ ^ K* + HSO^

KSO^ ^ K* + SO"

KHPO^ ^ K* + HPO"

Li (OH) ^ Li^-WH"

Li(SOu )~ ^ Li* + S0^~

MgC0 5 ^ Mg** + COa"

Mg(HC0 3 )'1' ^ Mg"1"1" t HC0 3

MgF"1" ^ Mg"1"1" + F"

Hg(OH)"1" ^ Mg"1"^ + OH"

KgSOi, ^ M^** + SOu"

Mg(PO u )" ^ ME+ '1' + PO^ 3

KgHPO^ ^ Kg** t HPO"

Mg(H2FOi,) + ^ Mg** + H2POJj

HnCl* ^ Mri** + Cl"

MnCl 2 ^ Kn"*"1" + 2Cl"

MnCl 3 *; — Mn -t 3C1

MnCir ;- Mr, H+ + *cf

t'nllCO* ~ M,i ff 1- HCC)3

SOURCE OF DATA

(3)

(3)

(3)

(3)

Ellis and Giggenbach (1971)

(3)

(3)

D (1)

D (1)

D (1)

D (1)

(25) (4)

D (Barnes and others, 1967)

(25) (Barnes snd others, 1967)

(25) (Bsrnes and others, 1967)

Truesdell and Jones (unpub. data, 1972)

(25) Barnes and others, 1967)

(0)

Truesdell and Jones (unpub. data, 1972)

(0)

Sillen and Martell (196t)

(25) Sillen and Martell (196U)

D (Lafon, 1969)

D (Lafon, 1969)

D (3)

(D

(1)

Childs (1970); Chughtai and others (1368)

Childs (1970); Chughtai and others (1968)

Childs (1970); Chughtai and others (1968)

(0)

(25) (4)

(25) («4)

(0)

(0)



o 1 . - -:,J -,t of tho pirir- coii.pl' x.'.'r; .ind r.lr;».-rglG used in SOLMNLQ. The source

COMPUTER

106.

107,

108

10S,

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

' 120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

1C4.

135.

136.

137.

NO. AND NAME

MNS04AQ

MNCL+2

MNCL2-H

MNCL3

NACL

NAC03-1

NAHC03

NA2C03AQ

NA2-304AQ

NAS04-1

NAHP04-1

Blank

NHUOH

NH4P04-2

NHHS01)-

PBCL+1

PBCL2

PBCL3-1

PBCLU-2

PBSOt AQ

PBS042-2

SR(OH)-1

SRC03 AQ

SRHC03J+

SRS04 AQ

ZNCL-H

ZNCL2

ZKCL3-1

ZNCL4-2

ZNS04 AQ

ASOH)8-3

Blank

of data for the l->c (KT) value;'.

REACTION

— *• ++ -- 
MnCOi^ »— Mn + SOi,

MnCl + '1' ^ Mn+3 + Cl"

MnClz ^ Mn+3 + 2Cl"

MnCl 3 ^ Mn+3 + 3Cl"

NaCl ^ Naf + Cl"

NaC0 3 ^ Na+ ' t C03 ~

NaHC0 3 i^ No* -f HC0 3

Na 2C0 3 ^ 2Na'1' + C0 3 "

Na 2 SO k ^ 2Na + + SO^

NaSO^ ^ Na^ + SO"

NaHPO^ ^ Na+ t HPO"

NH^OH ^ NH£ + OH~

HH^PO,)- ^ NHt t PO?

N^u(so^)~ ^ NH£ t so^"
PbCl+ ^ Pb"1"1" t Cl"

PbCl 2 '^||^' + 2Cl"

PtCl3 ^ Ph*"1" + 3C1~

PbCl" ^ Pb ++ + 4C1~

PbSOi» ^ Pb* + + SO"

^(SOi^)"" ^ Pbft + 2SO"

Sr(OH)~ ^ Sr++ + OH~

SrC0 3 -^r- Sr + + C0 3 ~

Sr(HC0 3 ) + ^ Sr"1"1" + HC0 3

SrSOit ^ Sr++ t S0^~

ZnCl"*" ^ Zn+ 'f + Cl"

ZnCl 2 ^ Zn++ t 2C1~

ZnCl 3 ^ Zii++ + 3C1~

— -. — "*• -f-+ -

ZnSOu ^ Zn++ + S(h,~

As(OH)e 3 -f ?re° ^ As(OH)^ +

of the given reactions is indicated—Continued

SOURCE OF DATA

D (1)

(0)

(0)

(0)

Truesdell and Jones (unpub. data, 1972)

D (Laflon, 1969)

(25) Lafon (1969)

(25) Garrels and Christ (1965)

(0)

D (Lafon. 1969)

(0)

Wright and others (1961)

(0)

(0)

D (1)

D (1)

D (1)

D (1)

(0)

(0)

D (3)

Kharakja and Merino (unpub. data, 1971)

2 
Kharaka and Merino (unpub. data, 1971)

2 Khar'aka and Merino (unpub. data, 1971)

(1)

(1)

(1)

(1)

(1)

2Fe +3 + 40K D (1)

P, - SOLID PHASLS

138. ACMITE

139. AG

140. AC2S A

KJ . AGCI.

142. AUULARIA

NaFe(S10.,) ,H AH + 2H o4-

Ag (c) + r<?H ' 3 i A« + + Ff

Ag 2 S+H4 - ?/T;' + HS* 

AgCl -* Ag"1' 4 Ct~

(0)
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Table 1.—Lint, of ttu aqueous c xnplt-x»'s ami mineral^ used In SOLMtil-.Q. The source

CCXiPtTLR NO

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

181.

. AND NAME

AKERMAtil

ALBITF L

ALBITE H

ALUN1TS

ANALCIME

AIJUALliSl

AlWURIT

ANNITL

APATCHLR

APATILUR

APATHYDX

ARAGCN1T

BAS1TE

BIOTtTE

BOEHMITE

BORNITE

BRUC1TE

CAT.CITE

CAC.2

CAO^IME

CA(OH)2

CAS

CELESTIT

JHALCEDN

CHLOH MG

CRYSOCOL

CRYSOTlL

C.NNAEAR

C.'NABMET

CLINENST

T.LINPTIL

CfjRUNDUM

CR1STOBA

CIUSTOBfl

CU

CU20

UJ2S

CV5ri:sf-

co K:...:

of data for the lop, (v:T) values of the i'Lven reactions is indicated — Continued

REACTION SOURCE OF DATA

Ca, MgSi 20 7 4- 6H+ 4- H20 - 2Ca++ 4- Kg4* 4- 2H4Si04 K (2)
4- 4-4-1

KaAlSi-O. 4- 4H 4- 4H,0 -»> Na 4- Al 4- 3H.S10. K(l) 38 2 •*- 44

NaAlSi,00 4- 4H+ 4- 4H_0 -* Na+ 4- Al4"3 4- 3H. SiO. K(l) 38 2 -r- 4 4

KA1 3 (S04 ) 2 (OH) 6 ^ K4" + 3AI+3 4- 2S04" 4- 6(OH)~ K (Hemley and others, 1969)

NaAlSi-0, -H 00 4- 4H+ 4- H.O -- Na+ 4- Al+3 4- 2H / SiO. K (1) 2 6 2 2 •«- 44

A1 0S10 C 4- 6H* - 2A1+3 + H.SiO. 4- H.O K(l)2p •«- 442

CaSO^ - Ca44" 4- S04~ K(l)

KFe.AlSi-0 lf.(OH) 0 4- 10H+ -* K+ 4- SFe4* 4- Al"*"3 4- 3H. SiO . K (Dick Beane, oral comraun. , 1972) 3 3 lu 2 ^- 44

Ca, (PO. ),C1 •* Sca4^ 4- 3po ~ 4- Cl~ Truesdell & Jones (unpub. data, 1972)
543 «- 4

Ca 5 (P04 ) 3F - SCa^ 4- SPO^ 3 + F~ ' K(3)

Ca (PO ) OH -* SCa44" 4- 3PO ~ 3 4- OH* K(2)
-> 4 J i- H

CaCO- — * Ca— 4- CO, K(l) 3 •«— 3

BaSO. — *• Ba"H"+SO. " K(2) 4 •« — 4

AlOOH 4- 3H+ -»• Al"*" 3 4- 2H20 • K(l)

Cu c FeS. 4- 4H+ -•* 5Cu+ 4- Fe+3 + 4HS" K(l) 5 4 •»—

Mg(OH) 2 ^ Mg44^ 4- 20H~ K(l)

CaCO.^ ^ Ca 4- CO ~~ K(l)

CaCl 2 -*• Ca4**' 4- 2C1~ K(l)

CaO 4- 2H ->- Ca4*4" 4- H_0 K(l)

Ca(OH) 2 — Ca44" 4- 20H~ K(l)

CaS 4- H+ — Ca++ + Hs~ K(1)

SrSO. -» Sr44" + SO ~" K(l) 4 ^—4

Si0 0 4- 2H0 0 -»• H.SiO. Fournier (1973)2 2 -«- 4 4

Mg.Al-Si.O^COH)- 4- 16H+ — SMg44" + 2A1+3 + 3H.SiO. 4- 6H.O K (Zen, 1972)5 2 3 10 8 T- ° 442

CuSi0 3 .2H2 0 4- 2H+ -*• Cu44" 4- H4Si04 + H^O ( 0)

Mg3 Si 2 05 (OH) A 4- 6H+ -^ jMg44 + 2H4 S104 + W • K(l)

HgS 4- H+ ^ Hg44" 4- HS~ K(l)

HgS 4- K+ ^ Hg44" 4- HS~ K(l)

MgSi0 3 4- 2H+ 4- H20 ^ Mg"1"1" 4- H4 Si04 K(l)

Na 2Al 2 Si 7 0 1 g-6H2 0 4- 8H++4H20 ^ 2Na .4- 2A1+ 4- 7H4 Si04 (0)
. . Q

A1 2 0 3 + 6H+ ^ 2A1 + 3H20 K(l)

SiO 4- 2H^O — ̂  H.SiO, Fournier and Rown (1962) 
2 2 -=— 4 4

SiO_ 4- 2H 7 0 — •• H.SiO, Fournier (1973)
4-3 , |.

Cu + Fe ^ Cu 4 Fe K(l)

Cu2 0 4- 2H+ ^ 2C»+ 4- H20 K(l)

Cu S + H+ -^ 2Cu+ 4 US" K(l)

Cu^Fef^ + 6!i+ ^ SCu"14" + Fc 44 ' + 6HF.~ (0)

CuV<:; 0 -I 2::"* -^ Cu^" f 4 Fe4' 1" 4- 211S~ K(l)

(0)



Table 1.—List of the aqueous complexes and minerals used in SOLMNEQ. The source

COMPUTER

183.

184.

185.

186.

187.

188. 

189.

190.

191.

192.

193.

194.

195.

196. 

197. 

198.

199. 

200.

201.

202.

203.

204.

205. 

206.

207. 

208.

?.09. 

210.

211. 

212.

213. 

214. 

215.

216.

217.

2ia. 

219.

NO. AND NAME

CUO

cus

CUMMINGT

DICKITE

DIOPSIDE

DOLOMITE

ENSTATCT

EK10.VITE

FAYA^ITE

FEASS

FECL2

FECL3

FEC03

FEO 

FE2031.EM 

FE203MCH

FE304

FEOH; 3AM

FES2PYR

FESTROLT

FESrfAKIN

FORSTEBI

FLUORITE 

GOETHITE

GIBBS AM 

GIBBS -

GREE^AL1 

GREIGITE

GYPSUM 

HALITE

HALLOYSI 

HEULANl/I 

HGO

HUNT IT

HYURMAGN

ILLITE 

KAOLlNIT

of data for the log (KT) values of the given reactions is indicated — Continued

REACTION SOURCE OF DATA

CuO -1- 2H+ ^ Cu44" + H 00 K(l)

CuS + H+ -* Cu4"*" + HS~ i K(l)

Fe7 Sig022 (OH) + 14H+ + 8H20 ^ 7F644" + 8H.S10, '< (0)

+ +3 <

CaMgSi20, -I- 4H4" + 2H20 ^* Ca44" + Mg44" + 2H,Si04 K(l)

CaMg(CO-) -»- Ca44" -f Mg4"*" + 2cO " K Oaf on, 1969)
J t f— 3

M§Si03 + 2H4" -f H20 ^ Mg44" + H,Si04 (0)

CaNaAl 3 St9024 «9H20 + 12H+ + 3H20 -»• Ca4"*" +• Na+ + 3Al+3 + 9H.S10, (0)

Fe-SiO. + 4H4" -*• 2F644" -f H. SiO. K(l)
•2 4 ««— 44

(0)

FeCl 2 ^ Fe44" -f 2ci" K(l)

FsCl3 ^ Fe+3 + 3C1~ K(l)

FeCO3 " ^ Fe44" -f CO ~~ K(l)

FeO + 2H4" -^ Fe44" -f H.O K(l) 
•^ — L

* +3
2 3 "•— - 2 

Fe 2 0 3 + 6H4" ^ 2Fe"* 3 -f 3H20 (25) Langmuir (1969)

Fe,0, + 8H4" — •• 2Fe+3 + Fe4"* + 4H00 K(l)
J •* ~*z- 2

Fe(OH) 3 ^ Fe+3 + 30H" K(2)

4E£ S2 + 4H20 ^ 4Fe++ + 7HS~ -H S04" + H+ K(l)

FeS + H4" ^ Fe44" + HS~ K(l)

FeS + H4" ' ^ Fe44" + HS~ ' (0)

Mg,SiO. + 4ir -*- 2Mg4+ -f H. SIO. K(l) W 2 4 «r- ° 44

CaF 0 -*• Ca** -f 2F~ • K(l)
1 4 •«-

FeoOH + 3H+ ^ Fe+3 + 2H20 K ( Latigjnuir, 1971)

Al(OH), -^ Al+3 -f 30H" K(3)
J ^5~

Al(OH) 3 -*• Al4"3 + 30H~ K(l)

Fe 3Si2 05 (OH) 4 + 6H4" ^f^ 3FB44" + 2 H4 SiO + H20 (25) Truesdell & Jones (unpub. data,1972> 

Fe.. S + 4H+ ^ 2Fe+3»+ Fe4^" i 4HS~ (25) Berner (]967)

C»SO -211.0 -*• Ca44" + SO ~" + 2H-0 K(2)
4 2 *«; — A ' £,

NaCl ^ Na + Cl~ K(l)

Al-Si-O e (Oil). + 6H4" -*- 2A1+3 + 2H. SiO, + H-0 • K(l) 
i t. j '» *• — 4 4 /

CaAl 0 Si_O ia -6H0 0 + 8H4" + ^H0 0 — Ca44 + 7H,SiO. + 2A14"3 (0) ^ / 10 <c ^ •-«— 4 H

HgO + 2H4" ^ Hg4"' + H20 K(l)

CaMg (CO ), ^ Ca44" -f- SMg"*''" + ^CO- " K(l)

Mg, (CO.)-(OIi) ? '3i:.,0 -^ 4Mg + 3CO,~~ + 2(OH)~ + 3l! 0 (25) Langmuir (1965)

K .Mg , 5A1 2 „£! c 0 10 (OH ) 2 + 8H+ + 2H2° "^ 0.6K+ + 0.25 Mg44" + 2.3 Al4"3 + S.SH^SiOj, K(l) 

Al^Si^O. foil), + 6H+ -^ 2AL+3 -i 2!I, .SiO/ -f- H20 K(l)

10



Table l.--List of the aqueous complexes and minerals used in SOLMNKQ.The source

of data for the log (XT) values of tho ^iven reactions is indicated — Continued

COMPUTER NO. AUD NAME

220. KENfAITE

121. KYA^ITE

222. K20

223. LARNITE

224. LAUMNVIT

225. I.EUCIVE

226. LEONITE

227. MAGAJViTE

228. MAGNEbIT

22C. MALACHIT

230. MAR^vLIT

231. MEIONITE

232. MERWIKIT

233. MGCL2

234. MGFE204

235. MGOPEPIC

236. MICROCLN

237. UIP-V3U.T

238. MNCL2

239. MNC03

240. MNO

241. MN02

242. MNS

•243. MONTICEL

244 . MONTCA

245. MONT iC

246. MOOT h«3

247. MON1NA

248. MONTCANA

249. MONTSE4W

250. MORDEKIT

251. HUSCOVIT

252. NA20

253. Ma2£ui

254. NAUCOMT

255. NATRON

256. MATKTHRM

257. NKPHET.rj

*5b. M-.WON

2t>9. MCUMV

JbO. i'.\.\.

REACTION

4- 4- 
NaSi..O_ n . (Oil), -3HLO 4- H 4- 16.5H-0 — » Na 4- 11H, SiO

. . »
Al-SiO, 4- 6H -* 2A1 • 4- H.SiO. 4- H.O 

2 5 «e— 442

^0 4- 2H4 ^- 2K+ 4- H20

Ca-SiO. 4 4H+ -^ 2C344 4- H. SiO.
2 4 ««— 4 4

. . . . ^ •
CaAl 2 Si040 12 '4H2 0 4- 8H ^ Ca 4- 2A1 4- 4HA SiO

KAl Si n O, 4- 4H4 4- 2 H,0 -*• K+ 4- Al"*" 3 4- 2H.S10.
26 2 «r- 4 4

MgSO.K SO, '4H20 . --*> Mg44 4- 2K"H 4- 2SO, 4- 4HjO

NaSi 0 (OH),' 3H.O 4- H4 4- 9H«0 -^ Na+ 4- 7H.S10. 
/ 1J 3 2 2 T- 4 4

MgC03 — *• Mg44 4- CO.,

Cu 2 C03 (OH) 2 ^ 2CU44 4- C0 3 "~ + 20H"

SOURCE OF DATA

(25) Bricker (1969)

K(l)

K(l)

K(l)

K (Zen, 1972)

K(l)

(0)

(25) Bricker (1969)

K(l)

K(3)

(NaAlSi308 ) 3 'NaCl 4- 12H4 4- 12H20 ^ 4Na4 4- 3A1+3 4- 9^510^ 4- Cl~ PATHI, Helgeson and others(1970)
, . , . t*

(CaAl,Si,,08), • CaCO, 4- 24H ->• 4Ca 4- 6A1 4- 6H,SiO, 4- ( i i j J ^ — i» 4

Ca-jMgSijOg 4- 8H4 ^ SCa44 4- Mg44 4- 2H4 SiOA

MgCl2 " ^ Mg44. 4- 2C1~

MgFe 2 04 4- 8H4 ^ Mg44 4- 2Fe43 4- 4H20

MgO 4- 2Hf ^ ^Mg44' 4- H20

KAl Si-0 . 4- 4H44-4H.O -»• K+ 4- Al43 4- 3H.S10. 
3d 2 -«- 4 4 «

Na^r>/ • :OH,0 ^ 2Ka 4- PO ~" 4- lOHjO

MnCl 2 ^f- Mn44 4- 2Cl"

MnC03 ^ Mn44 4- C03"~

MiiO 4- 2H4 ^ Mn44 4- H 20

4- 44- 4-3 
Mn0 2 4- 4H 4- Mn — * 2Mn 4- 2H20

MnS 4- H"" — ̂  Mn44 4- KS~

4- 4-4- 4-4- 
"CaMgSiO 4- 4H -*• Ca 4- Mg 4- H, SiO,

• .
Ca >1C7 Al 2<33 Si 3 67 0 1Q (OH) 2 4- 7.324 H 4- 2.678 HjO ^ .167 Ca 4-

K ,, 3A1 2 33Si3 67°10 (OH) 2 4- 7.32 H+ -^ 2.68 H20^ .33K4+2.33 Al43
, • ,

M8 .167-U2.33 Si 3.67°10 (OH) 2 + 7 ' 3" H +2 ' 678 H2° ^ ' 167 Mg 4 2

Na n ,A! 0 ,-Si. ,,0lf.(OH). 4- 7.324 H+ 4- 2.678 H.O -»• .33 Na4 4- 2.
.JJZ.JjJ.n/iU 1 i. **—

\

CaAl 2 Si1()024 -7H2 0 4- 8H+ 4- 9H20 _^ Ca44 4- 2A143 4- 10HA Si04

K AJ 3 SJ 30 10 (OH) 2 4- 10I14 ^ K+ 4- 3A1+3 4- 3H4 Si04

N;« 2 0 + 2H4 ^- 2Na+ 4 H2 0

Na? r>o, — *• ?Nn+ 4 ;;o/ ""

Na'ICO.. — * Na •+ HCO,

Na.,00 -IQU 0 —^ 2U.i+ + CO 4- 10H_0
4, J Z v"-" j ^

lia..(.0 -H 20 ^ 2N.1 -H C03 4- M20

N.-^l SiO. -t- AH4 -*• N;i r 4- A1 +J 4- H,SiO,

MpCO, • .'ii'uO -v M.;' + CO.," 4- 31i 20
'

11

:o3"~ (o)

K(l)

K(l)

K(l)

K(l)

«1)

K(4)

K(l)

K(l)

K(l)

PATHI, Helgeson and others (1970)

K(D

t(i)
.

2.33 Al 4- 3.67 HASi04 K(l)

4- 3.67 H.SiO, K(l) 4 4
. o

.33 Al •* 4- 3.67 H.SiO. K(l) 
4 4

33 Al43 4- 3.67 H.SiO. K(l)
4 4

(0)

(0)

(0)

K (Zen, 1072)

K(l)

K(l)

K(3)

K(3)

K(3)

K(2)

K(3)

(0)



Tab 1 c 1. — I-_iuL of the gquc-oMS compU-xes and minerals used in SOLMNEQ. The source

of data fr,m the lop. (K'l) values of the given reactions is indicated — Continued

'PUTER NO. AND NAME

261. PBCL2

262. PBC03

263. PBCLITHR

264. PPOMASIC

265. PBS

266. PES04

267. PHILLIPS

268. PHLOGPTF

269. PLAG(AN)

270. PREHNITE

271. PYROPHYL

272. QUARTZ

273. SANADNHI

274. SEPIOLIT

275, SILICAAM

276. SILICGKL

277. STLITMAV

;/8. SPINEL

27V. SRC03

280. STRENOIT

2>>1. SYLVITE

282. TAI.C

233. THEM-" 'LIT

284. TRONA

285. WAIRAKIT

286. WITHFJUT

287. WAT.LOSTO

288. ZNCOj

289. ZKO

290. ZHS

291. ZXS04

292. ZOISJIL

293. VIV1ANIT

294. Blank

?V5. Blank

REACTION

PbCl2 . ^

PbCO-j ^

PbO 4- 2H4" ^

PbO 4- 2H+ -•>•

PbS 4- H4" ^

PbS04 ^

Na 5 K 5AISi3Og -H20 4- 4H4" 4- 3H20

K Mg^ AlSi301() F2 4- 8H4" 4- 2H20

4- _

Ca2Al 2Si3010 (OH) 24- 10 H+ ^

Al 2Si4 010 (OH) 2 4-6H4- + 4H20 -

Si02 4- 2H2 0 ^

KAlSi.O- 4- 4H+ 4- 4H.O -*•
JO / "•*"""

Mg2 Si308 -2K2 0 4- 4H+ 4- 2H20 -

Si02 4- 2H20 -

Si02 4- 2H20 -

4-
Al-SiO^ 4- 6H -^

£. 3 ** —
i

MgAl 204 4- 8H ^

Srco3 ^

FeP04 -2H0 0 ^

KC1 ^

%Si4°10 (OH) 2 + 6: '4 + 4H2° ^

Ca2M&-Si s0 22 (OH) 2 -h 14H+ 4- 8H2 0 -

Na 2 C03 XaHC03 .2H,0 -

CaAl 2 Si A 012 -2H20 4- 8H+ 4- 2H20 ^

BaC03 ^

CaSiO 4- 2H+ 4- H.O -i-

ZnCO3 -=*

ZnO 4- 2H+ ^

ZnS •«• h+ - *>

2nS04 —

Ca-Al.Si.O^O:'. 4 13H4" -J- 
2 3 3 1± •<-

Fc 3 0-04 ) 2 .8H,0 -

SOURCE OF DATA

Pb** + 2 Cl" K(l)

Pb*4" 4- C03"" K(l)

Pb4^ + H20 K(l)

Pb4"*" 4- H20 K(l)

Pb4^ + HS~ K(l)

Pb4^" 4- SO. ™ K(l) 4
-^ .5Na* 4- .5K+ 4- Al+3 4- 3H,Si04 (25)Truesdell & Jones (unpub. data, 1972)

^ K4 + SMg4"* 4- Al4"3 4- 3H4Si04 4- 2F~ K(2)

Ca4^" + ?A1+3 4- 2H.S10. K(l) •44

2Ca++ 4- 2A1+3 4- 3H4 Si04 K(2)

2A14"3 + 4H.SiO. K (Zen, 1972)
4 4

H.SiO, Morcy and others (1962)

K+ 4- Al*3 4- 3H.SiO. K(l)4 4
2Mg"H' 4- 3H SiO • PATHI, Helgeson and others (i970)

H.SiO. K(l) 
4 4

H.SiO. Foumier (1973)4 4
. ^

2A1 + IJ.SiO. 4 H0 0 K(l)442
• i .0

Mg 4- 2A1 4- 4H20 K(l)

Sr4^ 4- C03~ K(2)

Fe4"3 + P04"3 + 2H20 K(3)

K+ + Cl~ K(l)

SMg44" 4- 4H4 Si04 K(l)

-^ 2Ca 4- 5Mg 4- 8H.S10, K(l)

3Na+ 4- HC03~ 4- C03 4- 2H20 (25 )Truesdell S Jones (unpub. data, .972)

Ca44" 4- 2A1+3 4- 4 II. SiO. K ( Zen, 1972)4 4

Ba 4- CO." K(l)

Ca44" 4- H, SiO. K(l) 4 4

Zn44 4- C0~~ K(l)

Zn""" 4- H20 K(l)

Zn 4 1!S K(l)

Zn44 4- SO, ; K(l)

ZCa** 4- 3A143 H 3H4 SJ04 4- 1^0 K (Z«n, 1972)

Mv** + 2PO." 3 + 81LO (25) Nriagu (1972)
4 2
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Table l.--Li-t of the aqueous corrplexes and minerals used in SOLMHEQ. The source 

of data for the log (KT) values of the givf.-r. reactions is indicated—Continued

COMPUTER NO. AND NAME REACTION SOURCE OF DATA

296. FE2 TO FE3

297. CU/ ''0 CU2

298. HG222HG2

299. WN2 TO MN3

Fe ++

Cu+

u + +Hg2

Mn++

C - OXIDATION-REDUCTION REACTION

+3
-*• Fe + e K(l)

_^ Cu*+ + e" K(l)

«e —

-x Mn+3 + e" K(l)

(0) No data available; (1) Helgeson (1969). Log KT values were extrapolated and interpolated to temperatures of App. 2A. These 

values w^re generally checked usir.g DQUAHT; (2) Robie and Waldbaum (1968); (3) Naumov and others (1971); (U) HBS Technical Hote 270-3 

and n (1968 and 1969); (25) log KT computed at 25°C and assumed constant at other temperatures; D(X) log KT values generated with 

DQUANT (Helgeson, 1971b). Input data for DQUA-N'T obtained from reference (X); K(X) log KT values generated with KELYCOB (Helgeson, 

1971a), Input data for KELYCOB obtained from reference (X). Conventional heat capacities for aqueous species were calculated from 

average heat capacities (Cobble, 19GU; Helgeson, unpub. data).

p Estimated from correlation plots of electronegativities, and ionic radii of cations versus pK (GarreIs and Christ, 1965). "or

SrSO^, AG° f from Lieser (1965), S° estimates from correlation plots (Helgeeon, 1969).

Log KT values for Mg-phosphate cor.plexes are equal to those of C«- (Ghughtai, 1963) but with variations shown by Childs (H""1 } . 

at 51°C.

J,

Log KT values for minerals were generated with KELYCOB. AH0 -, S° for the minerals were generally obtained from Helgeson, 1569; 

these values are generally sirilar to the values of Robie and Haldbaum (1968) and Naumov and ethers (1971). Cp power function?- for 

ivi.erals were obtained from Kelley (1960, or (3), or estimated (see text).
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Activity coefficients

In this program the activity coefficients (y) for the charged 

aqueous species are computed using the B* method (Lewis afcd Randall, 

1961; Helgeson, 1969).

where

-A(T> v
Log Y,(T,D = ——— -~ ——— rTT + B'(T) I 00

a?B(T)

a? is the distance of the nearest approach of ions in

	solution,

A(T) is a molal Debye-Httckel coefficient at temperature T,

B(T) is a molal Debye-HUckel coefficient at temperature T,

v. is the charge of the ith ion,

I is the ionic strength, and

B* is a deviation function.

14



The Debye-HUckel coefficients A and B are given by

A(T) = .
(e(T)T) 3/2

and

B(T) = 50,29X10 8(P(T)) 1/2 
(e(T)T)1/2

where p and e are the density and the dielectric constant of water at 

temperature T.

The \onic strength (I) of a given solution is given by

E 1/2 Z m. v? . (7)

The density of water is computed from the equations of Keenan 

and Keyes (1936, p. 21). The dielectric constant of water is 

calculated to 100°C from the equation of Wyman and Ingalls as cited 

by Harned and Owen (1958, p. 159); it is calculated at higher 

temperatures from the function of Akerlof and Oshry (1950). (See 

Appendix 1.)

The a values used (App. 2B) are from Kielland (1937). Arbitrary 

a values of 4.0, 5.0, and 6.0 were assigned respectively to those 

monovalent, divalent and trivalent species in solution not reported 

by Kielland.

15



The values for the deviation function, B', reported in this 

program as a function of temperature (App. 2D) are from Helgeson 

'.1969). SOLMNEQ computes B* by linear interpolation of the values in 

Appendix 2D. This method has been discussed in detail by Helgeson 

(1969). The B" values used in this program are for NaCl solutions, a 

close approximation for the majority of natural waters. The presence 

of appreciable amounts of divalent and trivalent cations and anions 

in solution with their higher degree of hydration will maike the y. 

obtained slightly lower than the true values.

The activity coefficients of all neutral species are assumed 

equal to the activity coefficients of dissolved CCU in NaCl solutions 

(Helgeson, 1967). SOLMNEQ computes Y™ at the temperature and ionic
CUo

strength (up to 3 molal) of the solution by linear interpolation of 

Ypn values as a function of temperature and ionic strength of an
wU r\

equivalent solution (App. 2C after Helgeson, 1969). Helgeson 

computed ypn from Ellis and Golding (1963) using

= km/k

where k and km are the Henry's law coefficients in pure water and in 

a sodium chloride solution of molality, m, at temperature JT. 

SOLMNEQ has an option by which the activity coefficients of the 

neutral species may be given as unity.

16



Equilibrium constants

The equilibrium constant (K) of a reaction such as reaction (1) 

Is given by:

3
a,T a. • a^+3

Kalbite

' (\Si° J

alb

(Sf)

where a. is the activity of the ith species at equilibrium.

The equilibrium constants for the reactions shown on table 1 are 

punched as part of the object deck. The K(T) values reported 

(App. 2A) at intervals of 25°C from 0-200°C and at intervals of 50°C 

from 200-350°C were computed assuming a constant pressure of 1

atmosphere. Pressures normally encountered in natural systems will
these 

not significally affect/computations (Helgeson, 1969). The equilibrium

constants were obtained by the following methods, which are listed in 

decreasing order of reliability:

1. Reported experimental data (solubility, free energy, and

other data) over the temperature range considered in this 

program.

2. Computed using KELYCOB (Program No. 0802 D/E, Helgeson, 1971i)
c

KELYCOB computes the equilibrium constants as well as the 

standard entropies, enthalpies, free energies, and heat 

capacities of a given reaction (log K , AS°, AH°, AG°, and

AC°j ) as a function of temperature and pressure. The P',r
_o

Mai'er-Kelley (a + bT + cT , Kelley, 1960) heat capacity

. power functions, the standard enthalpies of formation

A = Delta

17



(AH|) and the standard entropies (S9) of all the components
i- 

involved are used as input to this program. KELYCOB

computes the K(T) values from an integrated fa&m of the 

Van't Hoff's equation (Helgeson, 1969).

AH°r A 1 ^ 1 
log K(T) = log K298>15 - 2 .303R\f " 298.15/" 2.303RT

pT rT .

J AC0 (T)dT + ^ J AC° (T)dlnT
298.15 P 'r 2 ' 303R 298.15 P 'r

KELYCOB was used to generate log K values at 25°C intervals 

from 0°C to 350°C for most of the hydrolysis reactions 

reported on table 1. A number of log K values for the 

dissociation reactions of aqueous complexes were also 

obtained by this method.

18



The heat capacity power function for many minerals 

reported in this program are not known. These were 

approximated by summing up the heat capacity power functions 

for the oxides. Ice (9.0 Cal mole deg ) was used to 

represent H^O in these approximations (Helgeson, 1969). 

3. Computed using DQUANT (Program No. 0405 AR, Helgeson, 1971b). 

This program requires only that AH° (T ) and AS0 (T ) be 

known; it was used where no heat capacity data of any kind 

were available for one or more of the species involved in 

the reaction. This last condition covers most of the 

aqueous reactions reported on table 1. DQUANT confutes 

K(T) values by evaluating (Helgeson, 1967)

log K(T) =
2.303RT Tv, - u V ! - expCexp (b + aT)

) (11)
- c -f (T - T r

where

6, w, a, b, and c are temperature independent

constants characteristic of the solvent, 

R is the gas constant.
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DQUANT assumes that AC0 changes monotonically butP**1

nonlinearly with temperature. Dissociation constants 

computed from this program are often much closer approxima­ 

tions of actual dissociation constants at higher temperatures

than those computed assuming AC0 (T) =0 or AC0 (T) =p,r p,r

a constant (Helgeson, 1969). K(T) values obtained with 

DQUANT are reasonable approximations only to *v 200°C.

A correction factor was applied to some of the K(T) 

values generated with DQUANT at temperatures higher than 

200°C. These factors were applied only to those complexes 

where experimental values for similar species are available 

Even with the application of these correction factors, the 

errors involved in the values of K(T) at temperatures 

higher than 200°C are large; this introduces large 

uncertainties in computations carried out with SOLMNEQ at 

temperatures higher than ^ 200°C.

4. Reported experimental data over a restricted temperature 

range which were extrapolated to cover the temperature 

range considered. Some K values are known or could only be 

calculated at 25°C; these have been assumed constant over 

the temperature range of the program.
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5. No K(T) values could be obtained for a number of minerals and 

aqueous species incorporated in SOLMNEQ. A dummy value of 

log K equal to 999.99 is used for these minerals and species 

This value is so high that the species and minerals involvec 

do not affect the results obtained with SOLMNEQ. 

Values of log K for aqueous complexes and minerals at aaiy 

desired temperature can be computed from data in Appendix 2A by 

the . subroutine (TLUV) (P. C. Doherty, oral commun., 1972). 

The interpolation of the log K values (see listing, App. 1 ) is by:

Y = a t bX + cX2 + dX3 (12) 

where

X is the independent variable (= the reported values of. log K

at the specified temperatures), 

Y is the dependent variable (= the interpolated value of log K

at the sample temperature),and 

a, b, c, and d are constants.

This subroutine is more than adequate to interpolate the log K 

values between the reported intervals (25°C from 0°C-200°C and 50°C 

from 200-350°C).
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Oxidation-reduction reactions

The distribution of Fe+3 , Cu++ , Hg++ , and Mn+ in SOLMNEQ may be 

computed using equations involving electron transfer reactions such as

= Fe+3 + e' (13)

+3where e"" represents an electron. The concentration of Fe (nip t3) may 

be calculated from the following equation if the Eh of the solution and) 

m^ +4. are known:

RT 
Eh(T) = E°(T) + S- In

' YFe+3

where

Eh(T)

E°

nF mFe++ " YFe++

is the oxidation potential at the measured temperature

referred to the hydrogen half cell, 

is the potential of the half cell in which all reactants

and products are in their standard states, 

is the number of electrons (e) involved; it is equal

to unity for reaction (13), and 

is the Faraday constant.

E° =
AG°(T) 
r~~"nF (15)
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The standard free energies for the four oxidation-reduction 

reactions (AG° 296, 297, 298, and 299) at the same temperatures as for 

log K are included in Appendix 2A. They are interpolated to the 

specified temperature of the sample by Lagrange subroutine (TLUV).

SOLMNEQ will compute the Eh of the sample at the desired 

temperature, if necessary, from the Emf of the Eh cell including the 

Calomel reference electrode (EHMC) or from the Emf of the Eh cell 

calibrated using Zobell's solution (EMFZSCE). For a more detailed 

discussion of the theory of Eh and its field measurement and reduction 

see Barnes and Back (1964), Barnes and Clarke (1969), and Garrels and 

Christ (1965).

Computations based on measured Eh have been kept to a minimum in 

this program because Barnes and Clarke (1969) showed that the measured 

Eh is quantitatively related only to the behavior of iron species. 

Distribution of species in solution

The distribution of species in the aqueous solution is computed 

from the reported chemical analysis of the water sample together with 

field measurements of its temperature, pH, and Eh. The interpolated 

dissociation constants of the aqueous complexes (K,. ) and the 

computed activity coefficients (y) are also utilized in these 

computations.
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The chemical analysis may contain the total concentrations of all 

or part of the following list of elements and ions : Ca , Mg , Na , K , Cl

SO^, HC03 , Si02 , Ag, Al, Ba, Cu, Fe, Hg, Li, Mn, Fb , Sr, Zn,
and 

PCL, F, H3B03 , NH3 , H2 S, CO,., /NO . It is not necessary to distribute

the alkalinity of the sample between HCOQ and COQ ; SOLMNEQ computesu d

the concentration of these and other species contributing to the 

reported alkalinity.

The concentration units, for the purpose of this program, may be 

in ppm (parts per million) or mg/1 (milligrams/liter) or moles/1 

(moles/liter) or meq/1 (millequivalent /liter). The computations in 

SOLMNEQ are carried out after converting the concentration units 

reported to molalities.
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where

*

The distribution of species in the aqueous phase is computed 

using mass action reactions for all the aqueous complexes reported in 

table 1, oxidation-reduction reactions, and mass balance relationships 

The mass balance relationships are of the type

m. = ? n.m. (16)

is the total reported or computed molality of the ith

ion (for example, total molality of Ca), 

E n.m. is the summation of the molalities of Ca and all the

aqueous complexes containing Ca (for example, CaCCL, v
and 

CaHCO" /CaSO. , ^ ), and

is the number of molecules of (i) appearing in the 

aqueous complex.

m.

n.

For a more detailed and specific examination of distribution of 

species see the listing of SOLMNEQ (App. 1).

Iteration cycles are used to solve for the distribution of 

carbonate, sulphate, fluoride, phosphate, and chloride species. The

iteration1 cycles are carried out whenever the computed m.i ,t

(equation 16) of any of these five ligands differs by more than 0.5 

percent from their analyzed values. Most water samples will probably 

converge to meet the above requirement within about 20 iterative 

cycles. The cutoff number in SOLMNEQ is 100 cycles.
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Gibbs free energy functions

The Gibbs free energy for many hydrolysis reactions in natural 

systems may be obtained (Garrels and Christ, 1965; Bafnes and Clarke, 

1969) from

AG = -RT In Q 
r

(17)

where AG is the Gibbs free energy of reaction and Q is the reaction 
r

quotient. Q is equal to the activity product (AP) and is given for 

reaction (1) by

" S +3 '
Na+ A1

Q = AP =/- \H(v) •
(18)

where (a) is the actual activity of the species in the given solution 

at the specified temperature and pressure. The value of 

assumed to be unity.
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The Gibbs free energy difference between the actual and 

equilibrium states is given by

&,.„ = RT In (Q/K) Ĵ -^~^ (19) difr

All the reactions used in SOLMNEQ (table 1) have the solid on the left 

side of the reaction equation. As a consequence, the following 

relations hold:

AG...-,. < 0 (20) diff

The reaction tends to proceed spontaneously from 

left to right. The solid cannot precipitate from 

this solution because of undersaturation.

G..-- > 0 (21) 
diff

The reaction tends to proceed spontaneously from 

right to left. The solid cannot dissolve in the 

solution because of supersaturation.

G..-.P = 0 (22) diff

The reaction is at equilibrium and neither dissolu­ 

tion nor precipitation should take place.
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The fact that the free energy difference of a given reaction 

,.,.,;) indicates that it should proceed from left |to right or 

vice versa, does not mean that the reaction will indeed proceed in the 

specified direction. The only definitive statements that can be made 

are that the solution is supersaturated, saturated or undersaturated 

with respect to the solid. Evaluation of this type should not,.by 

themselves alone, be interpreted to indicate presence or absence of 

specific mineral species. It is possible for a given solution to be 

supersaturated (unstable but persistent condition) with respect to a 

mineral by a number of kilocalories without precipitation (Barnes and 

Clarke, 1969). The computation of Gibbs free energy difference for 

minerals may be a useful guide for application of methods of identify­ 

ing mineral species expected to be present in the system under studiy.
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INPUT

Input to SOLMNEQ consists of fixed (card Nos. 1 through 6) and 

optional (card Nos. 7 through 9) data as follows:

FormatCard No. Data ___

1 Sample description (may be blank) A(80)

2 TEMP (temp, in °C), PH, EHM (Measured Eh E(6,l),

in volts if available; otherwise put E(6,2),

9.000 EO), and FLAG for concentration E(8,3),

units (PPM or MG/L or MOL/L or MEQ/L). A(5)

3 Total concentration of Ca, Mg, Na, K, Cl, 8(E(8 S 3), X(l)) 

SCL, HCCU, and SiCL

Total concentration of Ag, Al, Ba, Cu, 

Fe, Hg, Lij and Mn

Total concentration of Pb, Sr, Zn, 

AS(OH) lf , PO^, F, H3B03 , and NH3

8(E(8,3),

8(E(8,3),

6 Total concentration of KLS, CCU and N03 3(E(8,3), X(l)
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6 + W Optional data including DENS (density if 

H=0 to 3) * 1.0), EHMC (the EMF in volts of the Eh 

cell including the Calomel reference 

electrode), EMFZSCE (the EMF in volts 

of the Eh cell calibrated using Zobell's 

solution). The values of FLAG1-5 may be 

changed from "0" to "1". To suppress 

the printout of "TABLES" and "RATIOS" 

put INFORM=1, and RATIO=1. These 

cards may also be used to temporarily 

supercede the log (KT) values of any 

species in table 1, for example, 

"LOGKT(36)= "

6+N+l Blank card separating every sample, and 

at end of last sample.

Data directed 

format. For 

example, 

FLAG1=1,———— 

INFORM=1; 

Separate the 

data with commas 

and end with 

semicolon.

Blank
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The total concentrations used in SOLMNEQ should be for the species 

mentioned in cards 3 through 6 and in the specified order. Zeros, in 

the appropriate format , must be used for the concentrations of those 

species appearing in cards 3 through 6 but not reported in the chemical. 

analyses of the sample.

FLAG1 through FLAGS are dummy identifiers which have been 

initialized in SOLMNEQ as = 0 . The value of any one of these FLAGs , 

however, may be changed to (1) if an alternate specified method of 

computation is desired. SOLMNEQ equates the activity coefficient of 

the neutral species in solution to the computed activity coefficient 

of dissolved carbon dioxide . The activity 

coefficient of the neutral species will be = 1.0 when FLAG1=1.

If the Eh of the sample is known and it is desired that the

++ "h3 ++
concentration of any or all of the species Cu , Fe , Hg , and Mn 

be computed from equations similar to equation 14 , then put FLAG 2 

through FLAG5 = 1. The concentrations of these species, otherwise, 

will be computed from equations 4, 5, 6, and 7 (table 1), respectively

It should be noted that the input value to be assigned to the 

concentration units variable (FLAG) must be punched left- justified in 

the appropriate field.

+3
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OUTPUT (RESULTS)

A printout from SOLMNEQ for a test sample of sea water 

composition (after Goldberg, 1963) is shown on Appendix 3. Table 2

gives the list of identifiers used in SOLMNEQ and their significance, 

A typical printout includes a listing of SOLMNEQ, a printout of the 

data file (TABLES) as well as the results of the computations. 

SOLMNEQ (see Appendix 1 for listing) is written for the IBM 360 

computer and conforms to PL/1 language as given in the IBM reference 

manual (IBM GC28-6594, 1972).
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2.— Us", of i'i.nar i'!< nt.l fi orn u-^d in COLMNKCj *nd their significance

Significance

AGTOT,..., XTOT

AH20 

ALFA(0:l6l)

ANALC03 

ASALM(0:l6l)

AP(138:295)

B

BDAT(IO)

BDOT

C

:02TIT

roiToi .

CCjCALC

CUNITS(0:l6l)

DENS

DHA(0:l6l)

EI?M

••:HMC 

VJMFZSCE

FPMAN

KPMCAT

)•

FLAG, FLAG1-5

G = GAMMAC02(0:3,10)

GAMMA(0:l6l) 

G?V(0:l6l)

INFORM

AP = Q

B 

2.303

ppn or mg/l,--etc.

P

a°

Eha

EHHC

EMFZSCE

GFW

Molal Debye-HUckel coefficient defined in equation (5) 

Total analyzed concentration of Ag; X is for the species

shown on the input section 

Activity of water 

Array for the activity of the aqueous species shown on

App. 2B.

Total concentration of all the carbonate species in solution. 

Array for the analyzed molality of the aqueous species shown

on Tabie 1. 

Array for the activity product of minerals in solution defined

in equation (18).

Molal Debye-Hiickel coefficient defined in equation (6). 

Array for B' (see below) as a function of temperature {App. 2D) 

Deviation function defined in equation (U). 

Conversion factor from (In) to (log 10). 

Analyzed molality of (CO" + HCO.," ) 

Computed mclalities of CC^ , HCO^~ and I^CO., 

Computed molality of CO, 

Reported concentration units 

Density of water

Array for the distance of the nearest approach of ions in solutions 

Measured Eh oxidation potential

Emf of the Eh Cell including the Calomel reference electrode 

Emf of the Eh Cell calibrated using Zobell's solution 

Total miHiequivalent of anions/liter 

Total milliequivalent of cations/liter

The Faraday constant
«. 

See input

Array for the activity coefficient of dissolved C02 as a function 

of an equivalent Nad solution and temp. (App. 2C)

Array for the activity coefficients of the dissolved species

Array for the grao formula weight of the aqueous species 

(App. 2B)

See input
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Table 2.--Li:;t of identifiers used in SOLMTCEXj and their significance (continued)

/,/1 Identifier Text 3ynbci Significance

LKT(299,11)

LOGKT(299)

K0:l6l)

A NACLE

MJ

"AGE1(0:161)

PAGE2 (299)

prog

"H20

ri

-51, S2, S3, SU, and S5

T

TABLES

TC02(30)

TKMP

fEKPH

'.K(ll)

Y1-Y2U 

Z(0:l6l)

K(T)

H20

Log K

log K(T)

m.

%aCl 

I

pH

rH 00

Array for the equilibrium constants for the reactions of

Table 1

Log (activity of water) 

Array for the log of the equilibrium constants as a function

of temperature for the reactions of Table 2.

LKT(296:299,11) is AG° r for reactions 296, -7, -8, and -9

(Table l) 

Log (K) above at temperature T. LOGKT (296:299) is AG° r(T) for

the reactions 296, -7, -8. and -9

Array for the molality of the aqueous species (App. 2B) 

Molality of an equivalent NaCl solution 

Ionic strength of the sample defined in equation (7) 

Array for the numbers and the names of the aqueous species of App. 2B 

Array for the numbers and the names of the aquecus complexes and

minerals of App. 2A 

Partial pressure of CO? /_\ in atmospheres that would be in equilibrium

with the solution 

pH = -log ajj+ 

Partial pressure of H2 0/_\ in ataospheres that would be in equilibrium

with the solution 

Gas constant 

Summations of the molalities of carborjate, sulphate, flouride, phosphate

and cloride ligands respectively in all the aqueous species 

Temperature, degrees Kelvin 

Name of file containing Appendix 2

Array for the 10 temperatures (App. 2C&D) for the reported values 

^ of Y C02 (aq) and B* 

Temperature, degrees Centigrade 

10-PH 

Array for the 11 temperatures (App. 2/P for which the values of

log KT are given

Statement lac-els used to bypass the species of an element not 

• included in the reported analyses j 

Array for the chare*-' of the aqueous species (App. 2B)



The data file "TABLES" (App. 2) consists of the following:

1. A two-dimensional array (App. 2A) of log KT (299, 11) values 

at the 11 specified temperatures. The reaction numbers as 

well as the aqueous complexes (Nos. 1 through 136) and 

minerals (137 through 295) are also indicated. Dummy 

values of 999.99 appear where no thermodynamic data are 

available. The values reported for the reaction numbers 

296 through 299 are the standard free energies of reaction 

(AG°(T)) for the indicated oxidation-reduction reactions at 

the specified temperatures. Table 1 gives the names of the 

species, the reactions, and the source of log K values.

2. A list of the aqueous species involved in the computations 

(App. 2B). This consists of the program number, name, 

charge (Z), distance of the nearest approach (DHA), and 

gram formula weight (GFW) of the species.

3. A two-dimensional array of the activity coefficient of the 

dissolved CCL (YCQ ) as a function of temperature and an 

equivalent NaCl solution (Helgeson, 1969) (App. 2C).

4. A one-dimensional array of B* (BDOT) as a function of 

temperature (Helgeson, 1969) (App. 2D).
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The results of the cotnputatations carried out by this program and 

appearing in the printout (App. 3) consist of the following:

1. A list consisting of information read into SOLMlftEQ (sample

description, concentration units, pH, Eh (if measured), and 

temperature), the computed value of Eh (computed from field 

measurements; a dummy value of 9.0000 is printed when no Eh 

data are available), total milliequivalent of cations 

(MEQ/L CAT) and anions (MEQ/L AN) computed from the 

analytical data (ANAL...) and from the calculated molalities; 

(CALC...), the ionic strength of solution (I), the molality 

and ppm of the dissolved CCL, and the partial pressures, in

atmospheres, of CQ2 (z^ PCO * and H2°(g) (PH 0^ in 

equilibrium with the solution.

2. A table showing the distribution of species in solution. 

This consists of the index number and name t of the 

species (0 to 161), reported and computed ppm (ANAL PPM, 

CALC PPM), reported and computed mg/1 (ANAL MG/L, CALC MG/L), 

reported and computed molality (ANAL MOLAL, CALC MOLAL), 

activity (ALFA), activity coefficient (GAMMA), and -log 

activity (PION). ; 

This table can be used to calculate the degree of complexing 

in the solution under study. ;

3. Ratios of a number of cations and anions of importance in 

__________*--T^^ft gnnslRi- of the mole patios
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of cations and anions which may aid in deciphering the 

origin of the water samples (White, 1965; Kharaka, 1971) and 

logs of the activity ratios of a number of cations used to 

study the stability fields of minerals. The subsurface 

temperature of a geothermal reservoir is computed by six 

different geochemical methods (see App. 1 for the details 

of computations). A number of criteria for selecting the 

most probable temperature are also printed. (Fournier and 

Truesdell, 1973; and references cited therein). 

The computation and printout of these ratios and temperatures

may be suppressed by inputting "RATIO = 1" in the optional data, 

4. A table showing the states of reactions for 158 minerals 

considered. The "DELG" column gives the (/£diff)j in 

kilocalories, of equation 19. A positive (DELG) value 

indicates that the solution is supersaturated with respect 

to the given mineral; a negative (DELG) value indicates 

undersaturation with respect to it. This table also shows 

the mineral name and its computer numbers, AP = Q (equation 

19), the value of K at temperature T, log (AP), log (KT), 

AP/KT and log AP/KT. The activity product (AP) and LOG(AP) 

as well as (AP/KT), DELG and LOG AP/KT of a mineral which 

contains a species not reported in the chemical analyses of 

the water sample will be blank. However, an arbitrary 

value may be assigned to the concentration of any desired 

species. A dummy value of 59.9990 is printed for the LOG KC
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(9.9770E + 59 for KT) where these are unknown. The log (KT) 

of a number of minerals (for example, kenyaite, magadiite) 

is known only at 25°C; it is assumed constant at other 

temperatures. The "DELG" values obtained for these minerals 

will not be too significant if the temperature of the sample 

varies by more than about 10°C from 25°C.

It is important to repeat here that (DELG) indicates that the 

reaction can proceed but does not mean that it will proceed in the 

specified direction. It is possible for a given solution to be 

supersaturated (unstable but persistent condition) with respect to a 

mineral by a number of kilocalories without precipitation. It is also 

important to note here that large uncertainties are involved in the 

computed log (KT) values for most aqueous complexes at temperatures 

higher than ~20Q°C.
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APPENDIX 1. LISTING OF SOD1NEQ

THIS PROGRAM IS WRITTEN FOR THE IBM 360 COMPUTER £ CONFORMS TO 
PL/1 LANGUAGE AS GIVEN IN THE I 8MGC28-6S94RFFERENCE MANUAL. THIS 
PROGRAM WAS WRITTEN BY YOUSIF K .KHAR AK A , U.C AL IFORNI A, BERKELEY » 
WHILE WORKING AT U . S . GEOLOGIC AL SURVt Y, SOLMNCG WAS DAStD IN PART 
<)N WA1CHPM & WAfEQ. THIS VFKSION WAS COMPLETED AUGUST/1972.

**************,}(*

3GLMMFO: OPTIONS

PURPOSE :
TABLE-LOOK-UP AND LAGRANGE
DESCRIPTION OF PARAMETERS

INTERPOLATION SUBROUTINE

X - THE VALUE OF THE INDEPENDENT VARIABLE (FOR 
VALUE OF THE DEPENDENT VARIABLE AND/OR ITS 
ARE DESIRED) .

XT - TABLE OF »X' VALUES IN ASCENDING ORDFR. 
YT - TABLE OF CORRESPONDING «Y' VALUES. 
N - NUMBER OF ENTRIES IN THE TABLE. (DIMENSION

MUST BE AT LEAST N) 
Y - COMPUTED VALUE OF DEPENDENT VARIABLE CORRESPONDING

WHICH THE 
DERIVATIVES

OF XT AND YT

TO X

TLUV: PROCEDURE(XT,YT,X ? Y) ;
DECLARE <LU,UP,DIF f MIO,K,N) , FIXED BINARY 
(X,Y(?99) ,XT( 11) ,YT(299,li) ) FLOAT OECMM, 
(W(10)fC(4)) FLOAT DECIMAL (16) STATIC;

Lo=l

Mln=l;
IF X > XT(N) THEN DO;
PUT EDIT (»X-OUT IN TLU, X= ' f X, ' XT ( N ) = « , XT (N ) )

(SKIPC3)tX(3),A f f=(13f6),X(2),A t E(13,6))
GO TO START;
Min=N-l;
GOTO BSTEP;
END;
IF X < XT{ 1) THEN DO;
PUT EDIT CX-HUT IN TLU, X= • , X , • XT ( 1 ) = • , XT ( 1 ) )

(SKIP(3) ,X(3) ,A,F ( L3,6) ,X(2) ,A, E( 13,6))
GO TU START;

GUTTJ BSTEP;
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END;
4STEP: OIF=UP-LO;

IF DIF > 2 THEN MI 0= ( UP+LO+l ) 12 ;
ELSF IF DIF = 0 THEN GOTO 8STEP;
ELSE MIO=LO+l;
IF X - XT(MIO) THEN GOTO 8STEP;
IF X > XT(MIO) THEN 00;
LO=MID;
GOTO ASTEP;
END;
IF X = XT(MID-l) THEN DO;
MID=MID-l;
GOTO 8STEP;
END;
IF X < XT(MID-l) THEN DO;
UP=MID; 
GOTO ASTEP;
END; 

B5TEP: K=MID-2;
IF K < I THEN K=l; 
IF (K + 3) > N THEN K=N-3; 
W(1>=X-XT(K) S 
W(2)=X-XT(K+1J ; 
W(3)=X-XT(K+2) ;

W(6) = XT(K)-XT(K-»-2) ; 
W(7)=XT(K)-XT(K+3) ;

W(9)=XT(K+l)-XT(K+3) ; 
W( 10)*=XT(K^2)-XT(K-i-3); 
00 1=1 TO 299;
C( 1)=YT( I,K)/(W(5)*W(6)*W(7) ) ; 
C( 2)=-YT( I, K+l )/(W(5)*WC8)*W(9) ) ; 
C(3)=YT( I f K+2)/(W(6)*W(8)*WC10))5 
C(4)=-YT( I«K+4)/(W(7)*W<9)*W(iG)); 
Yd )=C( l)*W(2)«W(3)*WCf} 
^C(2)*W(1 )*W(3)*W(4) 
*C13)*W( l)*W(2)*W(4) 
+C(4)*W( 1)*W(2)*W(3) ; 

E.MD; 
RETURN; 
END TLUV;

UN CONVERSION BEGIN;
PUT FILE (SYSPRINT) EDIT ('INPUT CONVERSION ERROR IN 1= "tit 
ONCHARfONSOURCE)

(SKIP (5) ,A,X(3)tF(3)t X(3) f A,X(2),A); OI4CHAR = 'iO • ; END; 
GET FILE(TABLES) EDI T ( ( I , PAGE I ( I ) , 7 ( I ) t DHA( I ) , GFWl f ) DO J = 0 TO 161))
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(F(3),X(l),A{8),xm,F(2),XU),F(3,l),X(i),F(8,4)f$KlP );
GET FiLE(TABLES) EUI T ( < I , PAGE2 ( I ) , LKT ( I f * ) DO J = l TU 299)) 

(SKIP,F(3) ,X( 1), A(R) ,7(X(1),F(7,2) ),SKIP,X(13) ,4(F(7,2)tXri) ) ) ;
GET riLE(TABLFS) EO I T ( ( I , GAMACU2 ( I , * ) DO J=0 TO 3)) 

(SKIP,F(l),lO(X(l),FU,2)));
^,ET FILE(TABLES) EDI T ( ( BDA f ( I } 13 U 1 = 1 TO 10)) 

( SKIP, 10U-( 5,3) ,X( 1 )));
GET F ILiT(TIBLFS) EI)IT((TK(I) Of) 1 = 1 TO ll)) 

( SK I P , F ( 3 , L ) , 3 ( X ( 1 ) , F ( 4 , L ) ) , 7 ( X ( 1 ) , F ( 5 , I ) ) ) ;
GET riLF.(TABLES) ruiT(UC()2U) 00 I = L TU 10)) 

(SKlP,F(},i),?(Xm,F(4,l)),7(XU),h( r>,lM);
OPEN F1LECSYSPRI MT)PRINT L I NES I ZG ( 13? ) ;
ON ENUFILF (SYSIN) GO TO EOF;
ON CO. 4 VERSION BEG IV,
PUT FILE (SYSPRINT) EDIT ('INPUT CONVERSION FRROR • ,UNCHAR ,
UNSOURCE) (PAGE,A,X(2) ,A,X( 2) ,A)

((CAKD(l) DO 1=1 TO N)) (SKIP, A);
GO TO START; END;
C = 2. 3025«5; F = 23.0603; R= 1 . 987 190- 3 ; 

r-lT: CUNITS,ALFA,M = OEO;
tHM,EHMCt EMFZSCE =9EO;
'J=l;DENS=irC; LOGKT=050; KT = OEO;

RATIO, INFORM, FLAG1 , FLAG2 , FLAG3, FLAG4, FLAG5=0 ; 
CRCEO: GET FILE(SYSIN) EDIT ( CARD( N) ) ( A( 80 ) ) ;

IF CARD(N)-= 9 • THEN DO;
U=N+I; GU TO CREED; END; 

N=N-I ; LONG=' • ; 
DO I=? TO 6; LONG=LONGl 1CARD( I ) ; END;

DO 1=0 TO 6,11, 12,13,14,15, 17, 20,21,22, 24, 25,26,27, ̂ 3,29, 30, 
U,32,97, 135;
CUNITSt I )=999999£0; Ei40; 
OPT ST-- IMG(LONG) EDIT ( TEMP , PH, F.HM ,F1. AG, ( CUN I TS ( I )

00 t=n TO 6, 11, 12,13, 14,15, 17, 20, ?l,/>2,2^, 2^,26, ?7,2ii, 2'^, 30 T

3 ( fc ( R , 3 ) , X ( 1 ) ) ) ;
IF CUNITSU )>6.0t5 THEN DO;

PUT EDIT( • INSUFFICIENT NUMBER OF INPUT D'^TA ITFMS IN THE 1 ,
'FOLLOW ING SbF:') (PAGc,? A) 

((CARnm DO 1 = 1 TO N)) (SKIP, A); 
f,U TO START; END;

/^CALLING THF LHGKT VALUES WHICH ARF I NTb 4<POL ATf u HY LAGRANGf SU'^RUUT- 
IiiE F7UM ^ LUGKT VS TEMPER ATURE TABLl */
CALL FLDVt rK,LKT,TFMP,LOGKT) ; 

LONG=» • ; 
DO 1=7 TO N; L(JNG = LUNG| |CARf)( I ) ; LND;

IF N>6 THEN GET S TRI NG ( LONG) DAT A ; 
DO 1=1 TO 136;
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IF LQGKTm <-7.0El THEN LOGKT( I )=-7.CEl; 
IF LOGKTU) > 2.0E2 THEN LOGKT(I)-2.0E1; 

KT(1) =1E1**(LOGKT(I)); END; 
/* PRINT OF TABLES. LOG(KT),LIST OF AQUEOUS SPEC IEStGAMMA C02 £ BOOT.

IF PRINT OUT OF TABLES NOT REQUIRED PUT INFORM*! */ 
IF INFORM=0 THEN 00; ;
PUT SKIP EOIT<«** TABLE OF LQG(KT) FOR THE AQUEOUS COMPLEXES G«t 

• MINERALS **•) (XKO) ,2 A);
PUT SKIP (2);

PUT SKIP EDIT(M',•PAGE2',•DC•,•25C•t•50C•,•75C•,'100C*,*125C•,•150C•, 
•200C", »250C't "iOOCS »350C' ><X<l),A,X(4),A,X(6),MA,X<8nt

6 < A,X < 7)),A ) ; 
PUT SKIP (2) ;

DO 1=1 TO 299; 
PUT SKIP EOITUfPAGE2( I ),LKT« I,* ) ) { F ( 3 ) , X { L ) , A , X( 2 ) , F { 7, 2 ) ,
10(X(4),F(7,2))) ; 

END;
PUT PAGE EDIT <•* LIST OF AQUEUUS SPECIES *',
»** GAMMA C02 AS A FUNCTION OF TEMP. & EQ. NACL **M(X<3),A, 
X(30) f A) ;

PUT SKIP(3) EDIT { •I',•PAGE1*»«Z«,*DHA* f «GFW«,•EMNACL• , f OC•, f 25C•, 
•50C 1 ,'100C* ,» 150C«, '200C* , «250C', »270C* .^OOCS '350C 1 ) 

(X(l) t AtX(3)tArX(6)»AtX(2) t AtX(5)tAffX(l5)tA 9 Xt3) t
A f X(4),2(A,X(3)) > 7(A,X(2n»A); 

PUT SKIP (2); 
DO 1=0 TU 161; 
PUT SKIP EDIT ( IrPAGEUI)fZ(I) 9 DHA(I> 9 GFW( i) )

(F(3),X(2),A f F(4),F(5,l)fF(lL,5));
IF I<4 THEN PUT ED IT(1,GAMAC02(I,* )) (COL(47 I,F(2)»XC3) f 
10 F(6,?) ) ;
END;

PUT SKIP (3) EDIT(»BDOT=«)(COL(40)fA);
oo 1=1 TO 10;
PUT EDIT<BDAT<I)) (F(7,3)); 
END; END; 

/* CALCULATION OF EH FROM FIELD DATA */
IF EMFZSCE=9EO THEN Cl=.2145EO-7.6E-4*(TEMP~?5EO);

ELSE Cl=4,28£-l-2.2E-3*(TEMP-?5EO)-EMFZSCE; 
IF EHMC <9EO

THEN EHM = EHMC+Cl ; 
^* CALCULATION OF ANALYZED MOLALITY */

C3=OEO; 00 1=0 TO 161;
IF FLAG=«PPM • THEN C 3=C3+IE-6*CUNI FS ( I ) *OF.I4S ;
ELSE IF FLAG="MG/L • THEN C3=C3^1E-6*CUNITS(I);
ELSE IF FLAG =«YOL/L' THEivl C3 = C3-HE-3*CUN I TS C I ) *GFW( I) ;
ELSE IF FLAG='MEg/L' & Z(1)^=0 THEN
C3=C3*1E-6*CUNITS<I)*GFW( I)/A8S(Z(I)); END; 

IF FLAG=»PPM • THEN M=1E-3*CUNITS*DENS/(GFW*(DENS-C3));
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C1=OEO; DO 1=0 TO 8tlO t l2 TO 30 f 32 TO 161;
CI=CI+MU); END;
AH2Q=lEO-1.7E~2*Cl; LH20=LOG10(AH20);

/* THE FOLLOWING ROUTINE ESTIMATES THE GAMMA OF C02 BY LINEAR INTERPO­ 
LATION BETWEEN THE KNOWN VALUES OF GAMMA C02 GIVEN AS A FUNCTION OF 
TEMPERATURE AND EQUIVALENT MNACL(NACLE) */ 

/* CALCULATION OF THE IONIC STRENGTH (I), EQUIVALENT MNACLE=I*/
MU=OEO;
00 1=0 TO 161;
MU=MU+M{1)*Z(I)**2;
END;
MU=.5EO*MU;
MUHALF=SQRT(MU);
MNACLE=MU;
IF MNACLr>3.0EO THEN MNACLE=3.OEO;
G=GAMACD2;
MJ=TRUNC(MNACLE) ;
DO 1=1 TO 10;
IF TEMP> TC02II) THEN

GO TO SKIP;
IF TEMP = TCf)2(I) THEN

00; G T !=G(MJ,I); GT2=G<HJ+1,1) ; MJ=MJ+1; END; 
IF TEMP=rC02(I) THEN GO TO OUTB; 
GT1 = G(MJ,I-l)+(TEMP~TCU2(I-1))*(G(MJ,I)-G<MJ,I-i)) / (TC02( I)-

TC02(1-1)); 
GO TO OUT;

';>KIP: END;
OUT: MJ=MJ*l;

GT2=G(MJ,I-1)*(T6MP-TCn2(I-iJ>*(G(MJtI)-G(MJ,I-il)/(TC02(I)-
TC02(1-1)J;

OUTB: GTM=GTit(MNACL^-(MJ-l))*(GT2-GT1); 
/* CALCULATION OF ACTIVITY COEFFICIENTS. GAMMA FOR NEUTRAL SPECIES™

GAMMA C02,THEY ARE =1.0 IF FLAG1=i.GAMMA FOR CHARCHED SPECIES IS BY 
BOUT METHOD,HFLGESON,1969. */ 

IF TEMP > 300EO THEN
ROOT = OEO; 

ELSE DO J = I TO 9; 
IF TEMP = TCG2U) THEN

BOOT = RDATCJ);
ELSE IF TEMP > TC02U) THEN GO TO ADD; 
ELSE BOOT = BOAT{J-1)+{TEMP-TC02(J"i))*(BOAT(JJ-BOAT(J-U)/

(TC02(J)-TC02(J-l)); 
GO TO CONTINU ; 

ADD: END;
CONTINU: DO 1=0 TO 161; 

IF 7( I )-.= 0 THEN
GAMMA(I)=lEi**{-A*MUHALF*Z(I)**2/(lEG+DHA(I)*8*MUHALF) 
•i-BDOT + MU) ;
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M(125)=ALFA(98)/(KT(99)*GAMMA(125));
Ml1?6)=ALFA(99)/(KT(100)*GAMMA{126));
^U)=MGrOT/<1EO+GAMMAU)*(M<119) *M«l20)*M(l 21 )+MC12?)+M{123 

M(124)+M(125)+M(126)));
ALFA(1),C1=M(l)*GAMMA(l);
DO 1=119 TO 126;
M(I)=M< I)*CU
ALFA( I)=M< I)*GAMMA<I ) ;
END;

/* NA SPECIES */ 
YIO: IF CUNITSm < = OEl THEN GO TO Yll;

MU36) = ALFA(4)/<KT<110)*GAMMA< 1 36) );
H(137)=ALFA(97)/(KT{111)*GAMMA( 137));
M(13B) = ALFA(6)/(KT(112)*GAMMA( 138) ) ;
M< 139)=MM(2)*GAMMA(2)*ALFA(97))/(KT(113)*GAMMA( 1391);
M<140)=<M(2)*GAMMA(2)*ALFA(5))/(KT{114)*GAMMA(140));
M( 141) = ALFA(5)/«KT( 115)*GANIMA< 141) ) ;
M(14?) = ALFA(98)/(KT(H6)*GAMMA(14?) );
M(2)=NATOT/( 1EO-^GAMMA(2)*(M(136)^M( 1 37 ) +M ( 138 ) +M< 139) *M( 140 )

M{ 141)-i-M( 142) ) ) ; 
ALFA(2),C1 = M(2)*GAMMA{2) ;

DO 1=136 TO 142;
M(I)=M«I)*Cl;
ALFA<I)=M(I)*GAMMA(I); END; 

/* K SPECIES */ 
Yll: IF CUNITS(3) <=OEl THEN GO TO Y12;

^1( 112) = ALFA(4)/(KT(86)*GAMMA( 11?) );
M(114)=ALFA(102)/<KT(88)*GAMMA(114) ) ;
M( 11 (>) = ALFA(5)/(KT(89)*GAMMA( 115) );
M<116)=ALFA(98)/(KT(90)*GAMMA(116));
M(3)=KTOT/( 1EO^GAMMA(3)*(M( 112)+M(114)+M(115)+M<116)));
ALFA(3),C1 = M(3)*GAMMA(3) ;
00 1=112,114 TO 116;
M( I )=w I )*Cl;
ALFA<I)=M(I)*GAMMA(I); END; 

/* AG SPECIES */ 
Y12: IF CUN1TSU2) <=OE1 THEN GO TO Y13;

,M(4?)=ALFA(4)/(KT(20)*GAMMA(4?) ) ;
M(43)=ALFA<4)**?/(KT(2l)*GAMMA<43));
M(44)=ALFA(4)**3/(KT(22)*GAMMA(44));
M(45)=ALFA(4)**4/(KT(23)*GAMMA(45));
M(46)=ALFA(5)/(KT(24)*GAMMA(46));
M(47)=ALFA(5)**2/(KT(25)*GAMMA{47));
M( 12)=AGTOT/( IEO*GAMMA{ 12 ) * ( M( 42 ) +M( 43 ) -»-M( 44 ) +M ( 45 )*M ( 46 ) +

M ( 4 7 ) ) ) ;
ALFA(12) f Cl=M(12)*GAMMA(12);
00 1=42 TO 47;
M(I)=«{ I )*Cl;
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DO 1=78 TO 87;
Ml I)=M I )*M( 18)*GAMMA<18) ; END;
M(i7)=FETQT/(lEO*GAMMA(i7)*{M{i8)*M(70)*M(72)*M(73)-t-M(74)*M(71)

*M(75)*M(76)*M(77)*M<78)*M(79)+M(80)*M(81)*M(82)*M(83)*M(84)
*M185)*M(86)*M(87) ) ) ;

ALFA(17)tC2=M( 17)*GAMMA( 17) ;
UU I=18|70 TO 87;
M( l)=M( l)*C2;

ALFA( I )=fM I )*GAMMA( I ) ; END; 
/* tiA SPECIES */ 
Y15' IF CUNITSU4) < = OE1 THEN GO TU Y16;

M(50) = ALFA('»n/(KT(?6)*GAMMAC50) ) ;
M51)=ALFA (6)/(KT(27)*GAMMA(51 ) ) ;
M(52)=ALFA(8)/(KT ( 28 ) *GAMMA ( <>2 ) ) ;
M(53)=ALFA(5)/(KT(29)*GAMMA(b3) ) ;
M( 14)=BATOT/( 1EO*GAMMA( 14 ) * ( M< 5 J ) +M( 3 1 ) +M ( 5? ) 4-M ( 53 ) ) ) ;

DO 1=50 TO 53;
f'< I)=M( l)*Cl;
ALFA( 1 )=N|( I )*GAMMA( I) ; FND;

/* cu SPECIES */
Y16: IF CUNITS(15) <=OE1 THEN GO TO Y17;

v'i (61)=ALFA(4)/(KT( 37 ) *GAMMA { 61 ) ) ;
M ( 62 ) =ALF A ( 4 ) **2/ ( KT ( 38 ) *GAMMA ( 62 ) ) ;
M(63)=ALFA(4)**3/IKT(39)*GAMMA(63) ) ;

/* IF CU** IS TG RE CALCULATED FROM EH MEASUREMENTS 1 H C M FLAG3 = i, I f- 
FROW CU** *FF** = CU* *FE*3t THEN FLAG3=0 */ 

IF fcHM <9EO & FLAG3=1 THEN DO;
C1 = 1E1**( (EHM*F-LOGKT(?97) ) / ( 2. 303*R*T ) ) ;
MH6)=C1/GAMMA(18) ; END;
ELSE IF CUNITS(32)=G£l THEM M(16)=OE1;
ELSE IF CUNITSt 17)=OEL THEN M(16)=QEL;
ELSE IF FLAG3 = 0 THE^J
M( 16)=ALFA(18)/(KT(4)*ALFA( 17 ) *GAMHA ( 16 ) ) ;
M(64)=ALFA<4)/(KT(40)*GAMMA<64) ) ;
M(65)=ALFA(4)**2/(KT(41)*GAMMA(65) ) ;
M(66)=ALFA(4)**3/(KT(42)*GAMMA(66) ) ;
M(67)=ALFA(4)**4/(KT(43)*GAMMA(67) ) ;
M(68)=ALFA(8)/(KT(44)*GAMMA(68) ) ;
H(69)=ALFA(5)/(KT(45)*GAMMA(69) ) ;
DO 1=64 TO 69;
M( I ) = M( I)*M( 16)*GAMMA(16) ; EriD;
M( 15)=CUTOT/( 1EO*GAMMA(15)*(M{ 16) *M ( 61 ) *M( 6? ) *M( 63 ) +M ( 64 ) *M ( 6S> ) *

M(66)*M(67)*M(6C)+M(69) ) ) ;
ALFA(15)tC?=M( 15)*GAMMA( 15) ;
DO 1=16,61 TO 69;
M( I )=M( I)*C2;
ALFA( I )=M(I )*GAMMA( I ) ; END;
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/* HG SPECIES */
Y17: IF CUNITS120) <=OE1 THEN GO TO Y18; 

Ml 104)=ALFA(4)/(KT(78)*GAMMA< 104) ); 
Ml 10<5) = ALFA14)**2/(KT179)*GAMMA<105) ) ; 
M1106)=ALFA«4)**3/1KT(80)*GAMMA<106)); 
Ml 107)=ALFA(4)**4/1KT181)*GAMMA{107)); i 
Ml 108)=ALFA15)/1KT(82)*GAMMA(1Q8));
M( 109)=(ALFA(32)**2*ALFA<100))/(KT(83)*GAMMA(109)*TENPH); 
Ml 11Q)=ALFA(100)**3/(KT(84)*GAMMA( 110)); 
Mlill)=ALFA(100)**3/(KT(85)*GAMMA(lll)*TfcNPH); 
M1113)=ALFA(100)**2/(KT187)*GAMMAU13)*TENPH**2); 
KT16)=-KT<6);

/* IF HG** IS TO BE CALCULATED FROM EH THEN FAG4=1,IF FROM 2HG+* *2Ft** 
=HG2** *2FE*3 THEN FLAG4=0 */

IF EHM<9EO £ FLAG4=1 THEN 00; I 
C1 = 1F1**U(EHM*F-LOGKT1298))*2)/12.303*K*T));

Ml19)=Cl*M120)*GAMMA120)/GAMMA(19); END; 
ELSE IF CUNITS(32)=OE1 THEN M119)=OEl; 
ELSE IP CUNITS(17)=OE1 THEN M(19)=OEl; 
CLSE IF FLAG4=0 THEN

^(19) = (GAMMA 119)*ALFA(18)**2)/1KT(6)*M(20)*GAMMA(20)*ALFA(17)**2); 
M120)=HGTOT/(1EO*GAMMA(20)*1Ml 19)*M<104)*M1105)*M1106)*M{107)*

Ml 108 )*M1IQ9)*M110)*M1111)*Ml113))); 
ALFA120),C2=M(20)*GAMMA120); 
00 1=19,104 TO 111,113; 
Ml I )=M1I)*C2;
ALFA!I)=M1I)*GAMMA(I) ; END; 

/* LI SPECIES */
Y18: IF CUNITS121) <=OE1 THEN GO TO Y19; 

Ml117) = ALFA(8)/(KT(91)*GAMMA1117)) ; 
M( 118)=ALFA1 t>)/lKT192)*GAMMA(H8) ) ; 
VI 21)=LITGT/< ltr'*GAMMA121 )*(M(117)*M(118))); 
ALFA121),C1 = M( 2L)*GAN)MA(2l) ; 
DO 1=117 TO 118; 
Ml I)=M( I )*Cl;
ALFA1I)=M(I)*GAVMA(I); END; 

/* MN SPECIES */ 
Y19: IF CUNITS(22) <=0tl THEN Ml TO Y2C;

/(KT( 101)*GAMMA1'127) ) ;
KT(1C2)*GAMMA(128) ) ; 
KT1103)*GAMMA1129)) ; 
KT1104 )*GAMMA( 130) ) ; 

/(KT(105)*GAMMA(1^1));

M( 127)
M(l?8)
M. ( 1?9)=ALFA<4
M{13C)=ALFA(4
Ml 131)=ALFA(6
M(13?) = ALFA15)/(KT1 lU6)*GAMMA(13?) ) ; 

/* IF MN*-** IS TO BF CALCULATED FROM FH THF.N FLA'J «>=1, IF FROM
= MN** *FE4-3 THEN FLAG5 = 0 */ 

IF EMM < 9^0 ?. FLA^,5=L TMtN DO; 
C1 = 1EL**( (£HK*F-LGbKT( 299))/I 2.303*R*T ) ) ;
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ALFA(26),Cl=M(26)*GAMMA(26) ; 
00 1=157 TO 161; 
M(I)=M<I)*C1;
ALFA< l)=M( I)*GAMMA( I) ; END; 

/* AS SPECIES */
Y23: IF CUNITS(27) <=OE1 THEN GO TO Y24; 

M(48)=KT(8)/ALFA<8)*GAMMA(48); 
M(91)=TENPH/(KT(67)*GAMMA(91) ) ;

IF ALFA117) -*=OC1 THEN DO;
M(49)=(ALFA< 18 ) **2*ALFA ( 8 ) **4 ) / ( ALFA( 17 ) **2*GAMMA< 49) ) ; END; 
M(92)=TENPH/(KT(68)*GAMMA<92) ) ; 
M<93)=TENPH**2/(KT(69)*GAMMA(93) ) ; 
M(94)=TENPH**3/(KT(70)*GAMMA(94)) ; 
HO 1=92 TO 94;
M( I)=M( I )*M(49)*GAMMA(49) ; END; 
M{ 27)=ASTOT/( 1FO+GAMMA< 27 ) *( M ( 48 ) +M( 91 ) + M( 92 ) +M< 93 ) + M( 94 ) «•
M ( 49 ) ) ) ;

ALFA(27),C1=M<27)*GAMMA(27) ; 
DO 1=48,49,91 TO 94; 
MU) = Mm*Cl;
ALFAC I)=M( t )*GAMMA( I ) ; END; 

/* SUMMATION OF ANION SPECIES */ 
Y24: Sl = M(6)4M(97)4-M(50)-i-M{51)-i-M{54)*MC55)-i-M(119)*M( 120)

*M( 131)+M( 137)+M(138)+M(139)+M(154)+M< 155) ;
S2 = H(5)4-M(4C)^2*M(41 ) +M< 46) 4-2*M ( 47 ) *M ( 53 ) +M( 60 ) *M< 69 ) +M ( 77 ) +M ( 82 ) 

<-2*M(83)+M{ 102)-t-M( 1Q8)+2*M( 1C 9 ) *M ( 1 10 ) +2*M ( 1 1 1 ) *-M( 1 14) + 
M( 115)*M( 118)+M( 123)-»-M( 1 32 ) *M( 140 ) +M( 14l)*M( 146)+M(151)* 
M( !56)-t-M( 161)^2*M( 152) ; 

S3=M(29)+M(33)+2*M(34)+3*M(35)+4*M(36)+M(121)+M{95);

0)-i-4*M{81)+M{ 104)+2*M( 105 ) +3*M< 106 ) 44* 
M( 107)+M( 127)+2*K(128)+3*M(129)+4*M(130)+M<133)+2*M(134)

*M( 136)4-M(147)*2*M( 148)-I-3*M( 149 ) +4*M( 150) *M( 157)^2* 
H{ 158)*3*M( 159)+4*M( 160) ;

ANALCU3=C02TIT-4EO*M{27)-3EO*M(28)-M{37)-2EO*M(38)-4EO*M(3tt))-3 fEQ* 
M(48)-8EO*M(49)-M(52)-M(56)-M(68)-M{74)-2PC*M(75)-M(76)-H(Q4}

98)-M(99)-M( 100)-2'EO*
M< 101)-M< 102)-M( 117)-M( 122)-M( 144)-M< ISO ; 

/* ITERATION TESTS */ 
KBIT=«G'B;
IF Sl-i> CEO THEN ANALC03=UfcO; 
ELSE IF ABS<S1-ANALC03»5E-3*ANALC03 THEN 00;

RBIT=«1»B; END;

58



IF S2-.= OEO THEN
IF A8S( S?-S04TOT)>5F-3*S04TOT THEN DO;
S04ITR=S04ITR-0.5*< ( S2-S04TUT ) /S2 ) *S04 I Tk ;
RRlT= l l l e; END;
IF S3 -=OEO THEN
IF ABS(S3-FTOT)>5E-3*FTOT THEN DO;
M(29)=M(29)-0.5*( (S3-FTOT)/S3)*M(?9) ;
SDITs'l'B; END;
IF S4-*=OFO THEN
IF «vPS( S4-PTuT)>5E-3*HTOT THKN 00;
PI T» = PIT-*-0.5*( ( S4-PTUT )/S4)*PI T<* ;

IF ABS(S'>-CLTUT)>5E-**CLnJT THEN 00 ;
M(4)=M('t)-0.3*( ( S5-CL TUT )/S5)*?1(4) ;
KHI r-»i •n; END;
PUT -01 T ( ITERf SI-ANA LCU3 f S2-SL4 TOT f S3-F TUT, S4-PTDT t S5-CLTin )
(SKIP,F(5)tE(21»5)t4 E(20,5)); 

/* ITERATION MONITOR */
IF ITE^ >100 THEN KfUT='O t B; ^'40; 

/* PRIfJT OF INPUT */
LQNG=DATE;
PUT PAGE EOIT(CARD( I ) f •OATE= I )(A,X(9),A)(( SUB STR( LONG ,.'-4 ,?) , •/•• 

DO N = 3f5)tSU6STP. <LONG,1,2)) (A);
PUT SKIP;
IF EMFZSCE<9EO THEN PUT tUI T ( • EMFZSCE= • , EMFZ SCE ) ( X ( 5 ) , A , F ( 1C . 6 ) ) ;
IF FLAG=*PPH » THEN PUT EDIT<«OATA IN PPM • ) ( XI 5) f A) 5 

ELSE IF FLAG= f MG/L « THEN PUT EDITCDATA IN MG/L • ) ( X ( 5 ) , A ) ;
ELSE IF FLAG=»MOL/L' THEN PUT fcOITI'DATA IN MOL £S/L f ) ( X ( 5 ) , A ) ;
ELSE IF FLAG^MFQ/L* THEN PUT ED1TCOATA IN MEQ/L • ) ( X ( 5 ) , A ) ;
PUT EDIT('ANAL MEO/L CAT= • , IE3*EPMC AT , • ANAL MEO/L AN= • , 1E3*EPMAN )

(SKIP<l),A,F(10f4),X(3) f A,F(10,4)); 
/* RECALCULATION OF CATION-ANION BALANCE */

fPMCAT,FPMAN=OEO;
i)0 1 = 0 TO 161;
IF 7.U)>0 THEN EPMCAT = EPMCAT4Z( n*M( I) ;
ELSF EPMAN = FPMAN-ZI I ) *M I I ) ; 

END;

-FrPMAN *(l.tNS-Ci); 
/* CALCULATION OF PCu? */ 

• PCO?=OFO;
IF ALFA(96)>u60 THEN 
PCU2=1E I** (LUG 10 (ALFA I 96) )-238S. 73EO/T- 1 . 5264F-2*T + 14 .0 18AEO*MU

*(0. 119-B. 33E-4*TbMP-»-6.66F-6*TEMP**2) ) ;
/* ppirn UF SOLUTC DATA */

PUT FDITt ( PH« , »FH' , f T», • ION STRENGTH ',» PC02 ATM',»C02 TOTS
•PPM C02 TOT» tPH,hHM f TEMP,MU»PC02»C02TOT,4.401F4*C02TOT) 
(SKIP(3),X(3) f 2(A,X(9)),A,X(5)»A,X(8),A f X<5),A,X(7),A f SKIP»
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F(6,?),X(2),F(10,4),X(2),F<8,2),X<2),F(13,5) f X(2)fF(14,7)f 
Xm,E( 13,6) ,XU) ,F( 13,6) )

(•CALC MEQ/L CAT 1 , 'CALC HEQ/L AN* ,PAGE 1 (9 ) t • C03CALC 1 f f PH20 ATM 1 , 
'DENSITY' ,«TDS MG/L' , IE 3*EPMCAT , 1E3*EPMAN, AH20, M( 97 ) , PH20, DENS > 
156*C3) (SKlP(2),A,X(5),A,X(6),AtX(5) f A,X(3),A»XC2)tA f
XU),A,SKIP,F(12,3),X(7),F(12 f 3), 

F(11,4),EU7,M,2(F(9,4)),F(13,2)) 
( • ION 1 , « ANAL PPM^'CALC PPM»,'ANAL MG/L 1 , 'CALC MG/L f 't f ANAL MOLAL 1

,'CALC MOLAL' , 'ALFA' , 'GAMMA 1 , 'P ION' ) ( SK I P ( 2 ) , X t B ) , A , X ( 9 ) 
fA,X(6)t't(A,X(4)) v A,X(b)fA v 2(X(8>fA)); 

PUT SKIP (?) ;
on i=c rn I6i; ''
IF ALFAU)> OEO THEN C1 = -LUG i 0 ( ALF A ( I ) ) ; 

ELSE Cl=OEO;
PUT SKIP EOirUtPAGEU [) f Z( I) UF(3) f X(2)f A(fl) ,F<3)) ;
IF CU.MirSt I )>OF_Q & FLAG=«PPM « THE^ PUT fcUI T < CUN ITS< I M

(F(13,4)); 
ELSE IF CUNITSt I )>OEO 6, FLAG='MG/L « THEN Ob ;

CU=CUNITS(I)/DENS;
PUT EDIT (CU) (F(13,^)); END;
S1=IE3*M( I )*&FW( I )*(OENS-C3)/DCNS;
IF Sl>OEO THEN PUT EDIT(Sl) ( CUL ( 30 ) , F ( 1 3 , 4 ) ) ;
IF CUNITSt I )>OEO & FLAG='MG/L f THEN PUT EDI T ( CUNI TS( I ) )

(CDLC43) ,F(13,^) ) ; 
ELSE IF CUNITS1 I )>OEO & FLAG='PPM ' THEN DO ;

CU=CUNITS< I )*OENS;
PUT EDIT (CU) (CUL(^3),F( 13,^) ) ; END;
S2=S1*OEMS;
IF S?>OEO THEN PUT EDIT ( S2 ) ( COL < 56) f F < 13 »4 ) ) ;
IF ANALM(I)>OEO TH:-N PUT EUIT ( ANAl M ( I ) ) ( COL ( 69 ) , H ( 1 i f H ) ) ;
IF M(I)> CEO THEN PUT EDIT (MUM < CUL H2 ) , T < M f '* ) ) ;
IF ALFA(I)>OEO THEN PUT EDIT ( ALF A ( I ) ) ( COL ( >'; ) , I- ( 1 3 , 'O ) ;
PUT EDIT (GAHIMAUM ( CUL ( 108 ) , F ( 1 ? , 6 ) ) ;
IF Cl>OEO THEN PUT EDIT (CD (CUL ( 1 ?0 ) , F < 1 L ,4 ) ) ?
EN'); 

/*
* $ * * * * * * =:• # .'f. # * # :;; *

CALCULATION OF ION ACTIVITY PRODUCTS IN Tf.'M'., » r tu"/,.fhi ACTIVITY 
PRODUCT (AP) OF A MINERAL V^HICH Clj,jrM f 4 r> A SPfCIi-S fjijT GWQN I'vl THf. 
CHEMICAL ANALYSIS HF THE WATER SAMPLH WILL BE ' 1L Ai^K » .HiH^ VER A-* 
ARBITRARY VALUE MAY BZ ASSIGNED TO THC CHNLFNTR Al I fH OF ANY DESIRED 
SPECIES.' THE SPECIES APPEARING IN THE (AP) EQUATIONS ARh 0 TO 6,3,9, 
10,12 TO 18,30,22 TO 29,97,100.

$*$##*******************************************************#**
*/

DO 1=0 TO 29,97,100;
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= 1.30 <*E3/<5.19EO-LOGiO(CO) J-273.16EO;
SUBT2=l.522E3/<5.75EQ-LOG10(CO))-273.16EO;
SUBT3=0.7(KE3/(4.45EO-LOG10(CO))-273.16EO; END;
IF ANALM(2)>OEO £ ANALM(3)>OEO THEN
SUBT4=0.777E3/(G.47EQ<-LOG10((ANALM<2)/ANALM<3) ) H-273.16EO; 

DO 1=0,2,3; i 
IF ANALMCI)>GEO THEN
ANALM( I ) = LOGIO< ANALMU) ) ; END; ANALM(0)=0.5*ANALM<0);
IF ABS<ANALM(O))>OEO & ABS<ANALM<2))>OE6 & ABS(ANALMC3))>GEO
THEN DO; PUT EDIT («LUG(NA/K)+1/3LOG<SORT{CA)/NA) = ',
ANALM<2)-ANALM(3)+< IEO/3EO ) *{ ANALM( 0 ) -ANALM< ? ) ) ,
'LOG(NA/K)-»-^/3LOGtSORT(CA)/NA) =• , ANALM( 2 )-ANALK( 3) *( 4EO/3EO ) *
(ANALM(0)-ANALM(2))) (SKIP(2),A,E(iO,3),X(5),A,E(10,3)); 

CA1=ANALM(2)-ANALM< 3)-K IEO/3EO)*(A^ALMt0)-ANALM(2)); 
CA2=ANALM(2)-AMALM(3)*f4EO/3EO)*(ANALM(0)-ANALM(?)); END;

IF ARS(CM)>OEO & ABS(CA2)>0£0 THEN DO;
SUBT5=1.656E3/(2.258EO+CAI)-273.16EO;
SUBT6=1.656E3/(?.258EO-i-CA2J--273.16EO; END;
PUT FDITMSUBSURFACE TEMPERATURE (00) FROM CHEMICAL DATA 1 *
•QTZ TEMP {CONDUCTIVE)=»,SUBT1, I OTZ TEMP (AD IABATIC) = •t 
SUBT2, 1 AM.SILICA TEMP=«,SUBT3,•LOG(NA/K) TEMP=',SU8T^, 
' LUG ( NA/K )-H/3LUG( SORT (CA)/NA) TEMP= f , SUBT5 ,
•LGG(NA/K)+4/3LOG(SORT(CA)/NA) T£MP=•,SUBT6) 
(SKIP(3),A»SKIP(2),A,F(10,1),X(5),A,F(10,1), 
SKIP(i),A,F(lO,l),X(5),A,F(10,l), 
SKIP(l),A,F(LO,l),X{5),A,F(10,l)); 

PUT EDIT (*IF THE SPRING IS BOILING OR STEAM IS LOST DURING 1 ,
1 KODUCTION THEN SELECT Qfl FEMP ADIABATIC ELSE 1 , 

' SELECT QTZ TEHP CONDUCTIVE','AM.SILICA TEMP SHOULD 1 , 
1 HL CONSIDERED IF SAMPLE IS SATURATED WITH AM.SILICA*, 
1 I.E. IF DELG OF MIN.N0.275 IS PflS I T I VF » , • N A/K TbMP«, 
' IS USEFUL IF CONC. OF CA IS LOW ('-"URE DECS) VS ,'M • f 
•USE --^/3LOG— TEMP IF <100 ELSH USE—1/3- TEMP 1 , 
«?EAD FOURNIER G TRUESDELL 1973*)
(SKIP(2),3(A),SKIP,3(A),SKIP,2(A),SKIP,A,SKIP,A); 

END; 
/* ACTIVITY PRODUCTS OF PHASES */

AP(138)=ALFA(2)+ALFA<18)+2EO*ALFA(10
APU39) = ALFA( 12 ) *ALF A( 1 7 ) -ALFA( 18) ;
AP( 140)=2FO*ALFA{ 12)->-ALFA( LOO-i-PH;
APU4U=ALFA< i2)+ALFA<4) ;
AP(l<i2)=ALFA(3) + ALFA(13) + 3EO*ALFA( 10
AP(143)=2EO*ALFA(0)-»-ALFA( I) +2EO*ALF A( 1C
AP( U4)=ALFA(2)+ALFA(13)+3EO*ALFAUO)+4EO*PH-4EO*LH2U;
AP( 1^5)=ALFA( 2)-t-ALFA( 13 )4 3EO*ALFA ( 1 0 ) +4EO*PH-4EO*LH2Q ;
AP(l^6)=ALFA( 3)-i-3EO*ALFA< 13 ) +2EO*ALF A ( 5 ) +6EG*ALFA { 8 ) ;
AP( 147)=ALFA(2)-»-ALFA(13)

l3)-»-ALFA( 10
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APU49)=ALFA(0)+ALFA(5) ;
AP(150)=ALFA(3)+3EO*ALFA< 17 ) + ALF A ( 13 ) +3EO*AIF A ( 10)+10EG*PH;
AP(151)=5EO*ALFA(0)+3EO*ALFA(28)+ALFA<4) ;
AP(152)=5EO*ALFA<0)+3EO*ALFA(28)+ALFA(29) ;
AP<l53)=5EO*ALFA(OmEO*ALFA(28)4ALFA<8) ;
AP(154)=ALFA(0)+ALFA(97);
AP(155)=ALFA(14)+ALFA(5) ;
AP(156)=999.9EO;
AP(157)=ALFA( I 3 ) +2EO*LH20+3EO*PH ?
AP<158)=5£0*AIFA( 15 ) + ALFA ( 18)+4EO*ALF A ( 100 ) +4fcO*PH ;
APU59)=ALFA(l)+2EO*AlFA(8) ;
AP(160)=ALFA(0)4ALFA(97) ;
AP(l6l)=ALFA(0)42EO*ALFA(4);
AP(162)=ALFA(0)4LH20-i-2EO*PH;
AP(163)=ALFA(0)*2EO*ALFA(8);
AP(16^)=ALFA(0)4ALFA{100)4-PH;
APU65)=ALFA(25)+ALFA(5);
AP(166)=ALFA(10)-2£0*LH20; 

AP( 167) = 5FO*ALFA( l)*2EO*ALFA( 13 ) +3EO*ALFA( 10 ) 4-6FO*LH20-»-l6EO*PH;
AP(168)=ALFA( 16 ) +ALF A ( 10 ) 4-LH?Q + 2EQ*PH ; 

AP( l69) = 3FO*ALFA(i)*2EO*ALFA( 10 ) 4-LH20+6EO*PH;
AP( 170)=ALFA(20)4-ALFA(100)-i-PH;
AP(171)=ALFA(20)-i-ALFA(100)'».PH;
AP(172)=ALFA(l)4-ALFA(10)-i-2EO*PH-LH20;
AP(i73)=2EO*ALFA(2)+2EO*ALFA< 13 K7EO*ALFA( 10)

AP( 175)=ALFA(10)-2EO*LH20;
AP( L76)=ALFAl 10 ) -2EO*LH20 ; 

AP( i77)=ALFA(l5)*ALFA(17)-ALFA( 18) ;
AP(i78)=2EO*ALFA<l5)+LH20+2EO*PH;
AP(179)=2EO*ALFA(15)4ALFA(100)4PVi;
AP(180)=5EO*ALFA(16)4-ALFA(17)46EO*ALFA(100)46EO*PH;
AP(l81)=ALFA(16)4ALFA(17)42EO*ALFA(100)-i-2EO*PH; 

AP(182) = ALFA(l6)-»-2EO*ALFA( 17 )+3EO*ALFA( 100
AP(183)=ALFA{16)4LH20-i-2EO*PH;
AP(18^)=ALFA(16)4ALFA(100)-i-PH;
AP( 185)=7EO*ALFA( 17 ) 48EO*ALFA( 10) <-14EO*PH
AP( 186)=2EO*ALFA< 13 ) 42EO*ALFA( 10) +LH2Q+6EO*PH;
AP(187) = ALFA(0)4-ALFA(l)-i-2EO*ALFA( 10) -t-4EO*
AP(188)=ALFA(0)-»-ALFA( 1 ) 4-2EO*ALF A( 97 ) ;
AP(189)=ALFA(l)*ALFA(lO)*2EO*PH-LH20;
AP(190)=ALFA(0)4ALFA(2)-i-3EO*ALFA(13)*9EO*ALFA(10)*i2EO*PH-3EO*

LH20;
AP(19i)=2EO*ALFA( 17 ) +ALFA ( 10 )+4EO*PH;
AP(192)=999.9EO;
AP(193)=ALFA( 17 ) +2EO*ALFA ( ^ ) ;
AP(194)=ALFA( 18 )+3EO*ALF A( 4 ) ;
AP(195)=ALFA117)*ALFA(97) ;
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AP(196)=ALFA<17)+LH20+2£0*PH;
AP(197)=2EQ*ALFA< 18 ) +3EO*LH20+6EO*PH;
AP(198)=2EO*ALFA(18)+3EO*LH20+6EO*PH;
AP(199)=2EO*ALFA< 18 ) +AIFAU7) +4EO*LH20+8EO*PH;
AP(200)=ALFA( 18) + 3EO*ALFA< 8 ) ;
APt201)=4EO*ALFAU7)+7EO*ALFAUOO)+ALFA(5)-PH-4EO*ljH2Q5 

AP<202)=ALFA(17)+ALFA(100)+PH;
AP<203)=ALFA(17)+ALFA(100)+PH; 

AP < 204) =260* ALFA < 1 ) +ALFA< 10)+4EG*PH;
AP(205)=ALFA(0)+2EO*ALFA<29);
AP(206)*ALFAU8)+2£0*LH20+3EO*PH;
AP(207)=ALFA(13)+3EO*ALFA(8) ;
AP(208)=ALFA(13)*3EO*ALFA(8); 

AP(209)=3EO*ALFA( 17) +2EO*ALFA( 10 ) *LH20-«-6EO*PH;
AP(210)=2EO*ALFA( 18 ) *ALFA( 1 7)-i-4EQ*ALFA< 100)
AP(211)=ALFA(0)*ALFA(5)-«-2EO*LH20;

AP(213)=2EO*ALFA( 13 )-§-2EO*ALFA( 10) *LH20+6EO*PH ;
AP(2l^)=ALFA(0)4-2EO*ALFA( 13 ) *7EO*ALFA( 10 ) *8EO*
AP(215)=ALFA<20)+LH20+2EO*PH;
AP(216)=ALFA(0)+3EO*ALFA( 1 ) +4EO*ALFA ( 97 ) ;
AP(217)=4EO*ALFA(l)+3EO*ALFA<97)-»-260*ALFA<8H-3EO*LH2(j;
AP(218) = .6FO*ALFA(3) + .25EO*ALFA( L )+2. 3EO*ALFA ( 13) -t-3. 5EO*ALFA ( 10

8EO*PH-2£0*LH20; 
AP(219)=?EO*ALFA( 13 ) +2EO*ALFA< 10)+LH2fJ*6EO*PH;

20) = ALFA(2)-t-llEO*ALFA( 10 ) *PH-16. 5EO*Lh2fJ ; 
AP(221)=2EO*ALFA( 13)+ALFA< 10) *LH2U*6EO*PH ; 
AP(222)=2EO*ALFA(3)^LH20*260*PH; 
AP(223)=2EO*ALFA(0)*ALFA{ 10 
AP(224)=ALFA(Q)+2EO*ALFA< 13 
AP(225)=ALFA(3)-»-ALFA(13)4-2£0*ALFA( 10 ) +4EC*PH-2EC*LH2C ; 
AP(226)=ALFA{1)*2EO*ALFA(3)^2EO*ALFA(5)+^EO*LH20; 
AP(227)=ALFA(2)*7EO*ALFAUO)*PH-9EO*LH20; 
AP<228)=ALFA(l)-i-ALFA(97) ;
AP(229)=2EO*ALFA( 16 ) +ALFA (97 ) *2EO*ALFA ( 8 ) ; 
AP(230)=4EO*ALFA(2)-i-3EC*ALFA(13)49EO*ALFA( 10 ) *ALF A (4 ) + 12EO*PH-

12EO*LH20;
AP(231)=^EO*ALFA(0)-i-6EO*ALFA{13)^6EO*ALFA( 1C ) +ALF A ( 97 ) + 24FO*PH ; 
AP(232)=3EO*ALFA(0)*ALFA(l)-i-2EO*ALFA( 
AP(233)=ALFA< 1 )

AP(235)*ALFA( 1 ) +LH20+2EO*PH ;
AP(236)=ALFA<3)*ALFA( 13 ) + 3EO*ALFA ( 10 ) +4EO*PH-4ifC*LH20 ;
AP(237)=2EO*ALFA(2)^ALFA(5)^-10EO*LH20;
AP(238)=ALFA(22)<-2EO*ALFA(^);
AP(239)=ALFA<22)*ALFA(97) ;

AP(2^1)=2EO*ALFA(23)*2EO*LH20-ALFA(22)*AFO*PH;
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AP(242)=ALFA(22)+ALFA(10(mPH; 
AP(243)=ALFA<0)+ALFAU)+ALFA<10)+4EO*PH; 
AP(24^)=.l67EO*ALFA((m2.33EO*ALFA(13)+3.67FO*ALFA{lG) + 7.

-2.678EO*LH20; 
AP(245)=.33EO*ALFA(3)+2.33EO*ALFA<13)+3.67EO*ALFA(10)+7.32EO*PH«

2.68*LH20; 
AP(246)=.167EO*ALFAm+2.33EO*ALFA(13)+3.67EO*ALFAUO)+7.32EO*PH

-2.678EO*LH20; 
AP(247)=.33EO*ALFA(2)+2.33EO*ALFA( 13 ) + 3.67bQ*ALF A ( 10 ) + 7. 32EO*PH

-2.678EQ*LH20; 
AP(248)=999.9EO; 
AP(249)=999.9EO?

AP(251)=ALFA(3)+3EO*ALFA( 13 ) +3EO*ALFA < 10) +10EO*PH; 
AP(252)=2EO*ALFA(2)+LH20+2EO*PH; 
AP(253)^2EO*ALFA(2)*ALFA(5) ;

AP(255)=2EO*ALFA(2)+ALFA<97)+10EO*LH2Q; 
AP ( 256 ) =2EO*ALFA ( 2 ) * ALFA { 97 ) +LH20 ; 
AP(257)=ALFA(2)+ALFA( 13 ) 4-ALFA ( 10 ) +4EQ*PH ;

AP(259)=999.9EO; 
AP(260)=999.9EO; 
AP(261)=ALFA(24)+2EO*ALFA<4) 
AP(262)=ALFA(2^)«»-ALFA(97) ;

AP(264)=ALFA(24)+LH20+?EG*PH; 
AP(265)=ALFA( 74 ) 4- AL F A ( 100 ) +PH;

-3EO*LH20;
AP(268)=ALFA(3>+3EO*ALFA( I ) -f-ALFA { 1 3 ) +3EO*ALFA { 10 ) +2EO*ALFA< 29 )

+8EO*PH-2EO*LH2U; 
AP (269) = ALFA (0)*?-EO*ALFA( 1 3 ) +2EG*ALFA i 10)-^8EO*PH;
AP( 270) =2EO* ALFA ( 0 ) *2EO*ALF A( I i ) +3EO*ALF A ( 10 ) +1 CEO*PH 5
AP(27i)=2EO*ALFA(l3K4EO*ALFA< 10) +6EO*PH-4EO*LH20|
AP(272»=ALFA( 10)-2EO*LH20;
AP(273)=ALFA( 3)+ALFA( 13 ) <• 5E- 0*ALF A ( 10 ) 4-460*PH-<»PO*LH2IJ;
AP(274) =?EO*ALFA( l)*3KO*ALf A( 10 ) +4FO*PH-2FO*LH?(J J
AP(275)=ALFA( lO)-2fcO*LH?.0;
AP(?76)=ALFA( 10 ) -2EO*LH20 J 
AP(277)=2EO*ALFA(13)+ALFA( 10 ) *LH20+6FO*PH;
AP(278)=ALFA< 1 ) -«-2EO*ALFA( 13 ) *^£0*LH2U*8fcO*PH ;
AP(279) = ALFA(?5)^-ALFA(97) ;
AP(280)=ALFA( 18 > 4-ALF A( 28 ) +2EO*LH?0 ;
AP(28U=ALFA( 3)^ALFA(4) ;
AP(282»=3EO*ALFA{ 1 »^AEO*ALF At 10 ) +6EO*PH-4 Eu*l M?U;
AP(283)=?EO*ALFA(0)-»-5EO*ALFA(l)-»-8EO*ALFA( 10 ) + l'tEO*PH-8tO*LH2Q ;
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AP<284)=3EO*ALFA(2)+ALFA<6J+ALFA(97)+2EO*LH20;
AP(285)=ALFA<0)+2EO*ALFA(13)+4EO*ALFA(10)+8EO*PH-2EO*LH2Q;
AP<286)sALFAtl4)+ALFA(97) ;
AP(287>=ALFA<0)+ALFA(10)+2EO*PH-LH20;
AP(288)=ALFA(26)+ALFA<97) ;
AP(289)=ALFA(26)*LH2G-t-2EO*PH;
API 290 ) =ALFA( 26 ) +ALFA (100 ) +PHi
AP<291)=ALFA<26)+ALFA<5);
AP(292)=2EO*ALFA(0)+3EO*ALFA<13)+3EO*ALFA<10)+LH20+13£0*PH;
AP(293)=3EO*ALFA< 17 )+2EO*ALFA< 28 ) +8EQ*LH20;
AP(294)=999.9EO;
AP(295)=999.9EO;
PUT PAGE EDIT (CARO(D) (A)

( 'PHASE' ,«AP« ,« KT «,«LQG AP»,'LQG KTS 'AP/KT'I ,'DELG', 
•LOG AP/KTM 
(SKIP(2),X(6),A,X(8),A,X{12) t A > X(9),AtX(6),A f X(8l,A,X(9) f A»

X(6) f A) ;
PUT SKIP (2) ;
00 1=137 TO 221,223 TO 295;
IF LOGKT(I) > 6.0E2 THEN LOGKTU)=5.9999El;
IF LOGKT(I) >-7.0El THEN DU; 

KTU) =1E1**(LOGKT( I) ) ; END; END;
Ci,C2=OEO;
DO 1=138 TO 295;
C2 = AP(I );
PUT SKIP EDITCIf PAGE2(I),LUGKT(I)J(F(3),X(1),A,COL(57),F(9,4) );
IF KT(I)>OFO THEN PUT SKIP(O) EDIT(KT(I)) (CGL(30) f E(11,4) ) ;
IF Kr(I)=OEO THEN PUT SKIP<0);
IF A8S(C2) <5F2 THEN DO;

PUT EDIT (C2) (COL(45),F(9,4));
IF LOGKT(I) -.= 5.9999E1 THEN DO;
C1=C2-LOGKT(I);
PUT EDIT <2.302585EO*R*T*CltCl) {COL(85),F(9,4),F{13,4)); END; 

IF ABS(C2)<7560 THEN DO; C2=1E1**C2;
PUT SKIP(O) EDIT <C2) (COL(15),E{11,4)) ; 

IF ABS(C2)>75EO THEN PUT SKIP(O);
IF KT(I)>OEO & LOGKT( I )-*=5*9999El THEN PUT EDIT (C2/KTI I) )

(COLC69),E(12,4));
END; END; E.MD; 

PUT SKIP(5) EDIT( »**DUMMY VALUE FOR LOGKT = 59.99901 KT = 9!.9770E + 59**«
(X(20),A); 
GO TO START; 

/* DECLARE STATEMENTS */
DCL LONG CHAR(800) VAR,CARD(10) CHAR(80),FLAG CHAR(5),TABLES 

FILE , (PAGEl(0:l61) f PAGE2(299)) CHAR(8),
<J,MJ,I,ITER,N,RATIO,INFORM ) FIXED BIN (31), R81T 

SITU) , (A»AH20,DFNS,ANALC03fLH20, S04ITR , R , C, C 1 ,C2,C3, EHM, 
EHMC.EMFZSCE, EPMAN,EPMCAT,F,CU,PITR ,C03CALC ,MU f MUHALF,PC02,

66



SUBTl,SUBT2iSUBT3,SUBT4 t 5UBT5fSUBT6,COtCAl,CA2f 
GTltGT2,GTM,PH20,PH20Cl»PH20C2tLOG10PH2Q) FLOAT (16>, 
mO:l61) ,FLAGifFLAG2 f FLAG3,FLAGA,FLAG5) F1XFO BINC31);

EOF: END SOLMNEQ;
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